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COMPUTER 
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and Donald A. Peterson, Saata Clara, Calif., assignors 
to Librascope, incorporated, Giendale, Calif., a corpo- 
ration oJ CaKiomia 

Filed Jan. 12, 1960, Ser. No. 1,969 
14 Claims. (CI. 235—167) 

The present invention relates to an improved electronic 
digital computer \vhich has general purpose utility 
wherever size, weight and economy are features to be 
considered. 

It is noted above, a major feature of the computer of 
the invention is that it is light in weight and small in size. 
In order to achieve these features, the magnetic memory 
storage of the computer may be constructed in an im- 
proved and unique manner, such as described in co-pend- 
ing application Serial No. 860,282, filed December 17, 
1959. In this respect also, and to conserve storage space, 
the total number of instructions to be handled by the 
computer under normal circumstances have been reduced 
to a minimum. However, the computer of the invention 
is capable of responding to a sufficient number of differ- 
ent instructions so that its general purpose utility is not 
impaired to any appreciable extent. 

The construction of the computer, as will be evident 
from the following description, is such that the apparatus 
is physically embodied in a single unit rather than being 
composed of a plurality of distinct interconnected units. 
The magnetic memory storage unit, as will be described 
in detail, is not used for the computer memory alone, but 
is also used to provide desired delays for re-circulating 
registers used in the computer and to provide desired 
timing and control operations. These latter features con- 
tribute to the over-all compactness of the computer. 

As noted above, the embodiment of the invention 
which will be described uses a magnetic memory drum. 
Serial operation is utilized in the control portion of the 
computer, as well as in the arithmetic operations. The 
computer functions, for example, at a clock pulse rate 
between 100 and 200 kilocycles. The computer uses a 
two-address code. The arithmetic unit of the computer 
operates in a sequential manner to perform all the arith- 
metic operations necessary to solve the problems intro- 
duced to the machine. The arithmetic unit, inter alia, is 
capable of performing multiplication, division, addition, 
.subtraction and of making decisions. A constructed em- 
bodiment of the invention, for example, is capable of per- 
forming 200 multiplications per second, and approximate- 
ly 2,000 additions or subtractions per second. 

The number of flip-flop networks required by the com- 
puter of the invention is kept at a minimum by making 
full use of all the flip-flops in the machine. Time sharing 
of certain ones of the flip-flops for totally unrelated pur- 
poses is carried out to a large extent. This enables flip- 
flops which otherwise would be idle at certain times to be 
used for other purposes at those times. This, in turn, 
creates a saving in the total number of fiip-flops required 
by the computer. 

The technique outlined in the preceding paragraph is 
utilized to obtain additional possible operations for the 
computer under a general designation of "modified 
store orders," and this is achieved without the require- 
ment for additional flip-flops in the order register of the 
apparatus. The embodiment of the invention to be de- 
scribed, for example, uses an order register of three flip- 
flops to control the execution of all the normal instruc- 
tions. However, additional "modified store order" in- 
structions may also be executed by the computer by the 
time-shared use of other flip-flops whose configuration is 
controlled, in addition to a particular control configura- 



tion of the three flip-flops in the order register, to provide 
for the execution of these additional instructions. This 
latter feature extends the general purpose utility of the 
computer without the need for a corresponding increase 
5 in the number of components required by the computer 
with a resulting increase in computer size and weight. 

An improved and simplified addition and subtraction 
techniriue is used in the computer to be described. This 
tcclirique simplifies the control sequence required to 
10 complement negative numbers, as will be described in de- 
fail. As will also be described, an improved multiplica- 
tion logarithm is used which leads to a simple control 
sequence. Moreover, a simplified division process is 
used. To this end, time-shared control flip-flops are 
15 added to the loop of the accumulator register of the 
computer for multiplication and division, as will be 
described. 

In addition to the features of the invention, as out- 
lined above, the computer contains several counters 
20 which are synchronized with the magnetic memory drum 
in an iniproved and simplified manner. This synchroni- 
zation enables the counters to provide bit time, and word 
time counts in synchronism with the data on the mag- 
netic drum. 
25 Other features and advantages of the invention will 
become evident from a consideration of the following de- 
tailed description in conjunction with the attached 
drawings. 

In the embodiment of the invention to be described, 
20 each computer word is assumed to be composed of 25 
binary bits or digits. This is made the equivalent of one 
sector of the magnetic memory drum. The drum, for 
example, has 64 sectors in each track or channel, and it 
is rotated at ICO revolutions per second to provide a 160 
^^ kilocycle pulse rate. 

In the drawings: 

FIGURE 1 is a circuit diagram of one of a plurality 
of flip-flop networks which are used in the logic circuitry 
of the embodiment of the invention to be described; 

FIGURE 2 is a circuit diagram of typical and/or gates 
which are used in the logic circuitry of the embodiment 
of the invention to be described; 

FIGURE 3 is a circuit diagram of a typical read am- 
plifier for use in conjunction with one of the read heads 
*^ of the magnetic memory unit of the embodiment of the 
invention to be described; 

FIGURE 4 is a circuit diagram of a suitable amplifier 
circuit for use in conjunction with one of the write heads 
of the magnetic memory unit of the embodiment of the 
°" invention to be described; 

FIGURE 5 is a clock generator suitable for use in the 
computer to be described; 

FIGURE 6 is a circuit diagram of a selection matrix 
for connecting a group of read heads selectively to a 
common read amplifier; 

FIGURE 7 is a schematic representation of the mem- 
ory system of the embodiment of the invention to be de- 
scribed, this representation showing the different chan- 
nels on the magnetic memory drum and the amplifiers 
^^ and other elements associated with those channels; 

FIGURE 8 is a block diagram of the different flip- 
flops which are included in a control unit portion of the 
computer to be described; 

FIGURE 9 is a block diagram of the different flip-flops 
^^ which are included in the memory unit portion of the 
computer to be described; 

FIGURE 10 is a block diagram of the different flip-flops 

which are included in the arithmetic unit portion of the 

computer to be described; 

5^0 FIGURE 11 is a logic block diagram of a bit counter 

which is included in the computer to be described; 

FIGURE 12 is a timing chart illustrating the different 
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flip-flop configurations in tlie bit counter of FIGURE 33; 

FIGURE 13 is a logic block diagram of a word counter 
■which is included in the computer to be described; 

FIGURE 14 illustrates a coincidence detector flip-flop 
which is used in the computer, and the logic associated 5 
with that flip-flop is also illustrated; 

FIGURE 15 illustrates a plurality of control flip-flops 
which are used in the computer and the logic associated 
with those flip-flops; 

FIGURE 16 is an illustration of an order register which 10 
is included in the computer and which includes a plurality 
of flip-flops; 

FIGURE 17 is a logic diagram of a track, or channel, 
selector v/hich is used in the computer in conjunction with 
the memory unit; ig 

FIGURE 18 is a representation of the accumulator 
register of the embodiment of the invention to be 
described; 

FIGURE 19 is a representation of the multiplicand and 
divisor register of the computer; 20 

FIGURE 20 is a representation of the multiplier and 
quotient register; 

FIGURE 21 is a representation of the instruction regis- 
ter of the computer; 

FIGURE 22 shows an output comparator flip-flop which 25 
is used in the system of the invention, and the logic asso- 
ciated with that flip-flop is also shown; 

FIGURE 23 is a representation of an output carry flip- 
flop and the logic associated v/ith that flip-flop; 

FIGURE 24 is a logic representation of the signals 30 
which are introduced to one of the write amplifiers of 
FIGURE 7; 

FIGURE 25 is a logic representation of the signals 
which are introduced to another of the write amplifiers 
of FIGURE 7; 35 

FIGURE 26 is a logic representation of the signals 
which are introduced to yet another of the write ampJifiers 
of FIGURE 7; 

FIGURE 27 is a representation of a time standard 
flip-flop and its associated logic; 40 

FIGURE 28 is a representation of an input-output flip- 
flop and its associated circuitry; 

FIGURE 29 is a schematic block diagram of the con- 
trol and memory units of the computer to be described; 

FIGURE 30 is a representation of the composition of 45 
a typical instruction which is used in the computer; 

FIGURE 3 1 is a table of a suitable instruction or order 
code which may be used in the embodiment of the inven- 
tion to be described; 

FIGURE 32 is a diagrammatic representation of the 55 
different phases of operation of the computer; 

FIGURE 33 is a diagrammatic representation of the 
components and circuitry required to execute one of the 
instructions of the computer designated At; 

FIGURE 34 is a diagrammatic representation of the 55 
components and circuitry required to execute an "extract" 
instruction; 

FIGURES 35, 36, 37 and 38 are logic diagrams of the 
circuitry required to execute a multiplication instruction; 

FIGURE 39 illustrates the logic required to execute CO 
the "select" instruction; 

FIGURE 40 illustrates the logic required to execute 
an instruction designated A^ by which the contents of a 
designated memory location are added to the contents of 
the accumulator register; *i5 

FIGURE 41 is a representation of the logic required to 
execute the subtract instruction; 

FIGURES 42, 43 and 44 illustrate the logic circuitry 
and com.ponents required to execute the divide instruction; 

FIGURE 45 is a logic diagram of the components used 
to perform a store order; 

FIGURE 46 represents the logic necessary to perform 
a first "modified" store order; 

FIGURE 47 is a representation of the system used in 75 
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the computer of the invention for recording total elapsed 
time; 

FIGURE 48 is a table illustrating the different con- 
figurations of the flip-flops of the word counter of FIG- 
URE 13; 

FIGURE 49 is a diagram illustrating the logic required 
to perform a typical output operation; and 

FIG. 50 is a suitable circuit for the capacitor units in 
FIGURE 49. 

Flip-flops are bi-stab!e networks which are widely used 
at present in electronic digital computers, and in many 
other types of electronic and electrical apparatus. The 
flip-flop network may be triggered to a first stable operat- 
ing condition, generally referred to as a "true" state at 
which a high voltage is developed at a first of the two out- 
put terminals and a low voltage is developed at a second 
output terminal. The flip-flop network may also be trig- 
gered to a second stable operating condition, generally 
referred to as a "false" state at which the high voltage is 
developed at the second output terminal and the low 
voltage is developed at the first output terminal. 

The triggering of the flip-flop network from its true 
state lo its false state is accomplished by the introduction 
of an appropriate input signal to a first of its two input 
terminals. The flip-ilop will then remain in its false state 
indefinitely, and until it is returned to its true state by the 
introduction of an input signal to the second of its two 
input terminals. 

An improved flip-flop, which is weJl suited for use in 
tbe computer of the present iavention, is disclosed and 
claimed in copending application Serial No. 831,277, filed 
August 3, 1959. The circuitry of the flip-flop is shown 
in FIGURE 1. The illustrated flip-flop network is a 
high-temperature, static, silicon transistor flip-flop which 
operates reliably viith a high degree of transistor inter- 
changeability from —55° C. to 125° C, and with a clock 
pulse repetilion frequency from to 200 kilocycles. 

The flip-flop illustrated in FIGURE 1 is a modified 
Eccles-Jordan type with output emitter-foflower buffer 
stages, and with power amplifier stages. The transistors 
utilized in the flip-flop may be silicon junction transistors 
of the type presently designated as 2N263 for the Eccles- 
Jordan section of the flip-flop, 2N118 for the emitter fol- 
lower section, and 2N246 for the poK'er amplifier section. 
The clock pulses utilized to trigger the transistor may 
have a 15 voit amplitude, a 1-2 microsecond duration, 
and a power level of 5 milliv/atts. The output from the 
flip-flop is capabJe, for example, of driving forty logic 
gates at 0.5 milliampere per gate. 

The operation of the flip-flop illustrated in FIGURE 1 
is independent of wide variations of transistor parameters, 
such that transistors with characterislics beyond the end 
points of the manufacturer's tolerance limits operate re- 
liably in the netvyork. Also, other types of transistors 
for v/hich the flip-flop was not specifically designed may 
be operated successfully in the network. The circuit is de- 
signed for interchangeability of transistors and it also is 
designed to prevent transistor saturation to compensate 
for transistor gain variations and to compensate for tran- 
sistor leakage currents. 

In the flip-flop circuit of FIGURE 1, as fully described 
in tlie copending case (Serial No. 831,277 filed August 3, 
1959), a pair of NPN transistors 3& and 32 are con- 
nected to form the Eccles-Jordan section of the flip-flop 
network. The emitters of these transistors are both 
grounded, and their collectors are connected respectively 
to a pair of resistors 34 and 36, the resistors being con- 
nected to the positive terminal of a 35 volt direct volt- 
age source. The base of the transistor 30 is connected to 
a resistor 38 which, in turn, connects with a resistor 49, 
the latter resistor being connected to the collector of the 
transistor 32. The resistors 33 and 40 are shunted by 
a capacitor 42, and their common junction is connected 
to the anode of a diode 44, the cathode of which is con- 
nected to the collector of the transistor 30. 
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In like manner, the base of the transistor 32 is connected 
to a resistor 46. The resistor 46 is connected to a re- 
sistor 48 which, in turn, is connected to the collector of 
the transistor 30. The resistors 46 and 48 are shunted 
by a capacitor 50, and their common junction is con- 6 
nected to the anode of a diode 52. The cathode of the 
diode 52 is connected to the collector of the transistor 32. 

The collector of the transistor 30 is connected to the 
hase of a transistor 52, and the collector of the tran- 
sistor 32 is connected to the base of a transistor 54. The lo 
transistors 52 and 54 are NPN transistors, and they are 
connected as emitter followers. The collector of the 
transistor 52 is connected to the positive terminal of a 
25 volt direct voltage source, and the emitter of that 
transistor is connected to a resistor 56. The resistor 56 15 
is connected to a resistor 58 which, in turn, connects with 
a resistor 60. The resistor 60 is connected to the negative 
terminal of an 8 volt direct voltage source. 

The resistors 56 and 58 are shunted by a capacitor 62, 
the common junction of these resistors is connected to 20 
the anode of a diode 64. The cathode of the diode 64 
is connected to the collector of an NPN type power tran- 
sistor 66, and the Junction of the resistors 58 and 60 is 
connected to the base of that transistor. The emitter of 
the transistor 66 is grounded, and its collector is further 25 
connected to an output terminal 68 and to a resistor 70. 
The resistor 70 is connected to the positive terminal of 
the 25 volt direct voltage source. A term (A) is devel- 
oped at the output terminal 63. 

In like manner, the collector of the transistor 54 is ^'^ 
connected to the positive terminal of the 25 volt direct 
voltage source, and its emitter is connected to a capac- 
itor 72 and to a resistor 74. The resistor 74 connects 
with a resistor 76 and with the anode of a diode 78. 
The capacitor 72 and the resistor 76 are connected to a ^'^ 
resistor 80 and to the base of an NPN power transistor 
83. The resistor 80 is connected to the negative terminal 
of the 8 volt direct voltage source. 

The cathode of the emitter of the power transistor 82 
is grounded, and the collector of that transistor is con- 
nected to an output terminal 84. A term (A) is de- 
veloped at the output terminal 84. The collector of the 
transistor 82 is also connected to the cathode of the 
diode 78 and to a resistor 86. The resistor 86 is con- 
nected to the positive term.inal of the 25 volt direct voltage ^^ 
source. 

The flip-flop network of FIGURE 1 has an input termi- 
nal 99 which is connected back to the output terminal 84 
to receive the term (A). The input terminal 90 con- 
nects with the cathode of a diode 92, the anode of which 
is connected to a resistor 94 and to the anode of a diode 
96. The flip-flop also includes an input terminal 93 
which receives an input signal (i). The input terminal 
98 is connected to the cathode of a diode 100, the anode 55 
of the diode being connected to the resistor 94. The 
flip-ilop network also includes an input terminal 102 which 
receives tlie clock pulses (T). This input terminal is 
connected to the cathode of a diode 104 and to the cath- 
ode of a diode 106. The anode of the diode 304 is con- qq 
nected to the resistor 94, and the anode of the diode 106 
is connected to the anode of a diode 103 and to a resistor 
110. The resistor 113 is connected to the positive ter- 
minal of the 35 volt direct voltage source. 

The flip-flop network also includes an input terminal gg 
112 which is connected back to the output terminal 6S to 
receive the (A) terra. The input terminal 112 is con- 
nected to the cathode of a diode 114. The anode of the 
diode is connected to the resistor 110. The network also 
includes an input terminal 116. This latter input ter- 70 
minai receives an input signal (a) and it is connected to 
the base of a diode 113. The anode of the diode 118 is 
connected to the resistor 110. 

The cathode of the diode 9S is connected to the primary 
of a transformer 120, the other terminal of the primary 75 
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being connected to the positive terminal of a 16 volt direct 
voltage source. The secondary of the transformer 120 is 
connected to the base of the transistor 30 and to a resistor 
122. The resistor 122 is connected to the negative ter- 
minal of the 8 volt direct voltage source. A diode 124 
has its cathode connected to the top side of the secondary 
of the transformer 120, and the anode oj the diode con- 
nects with the lower side of the secondary, and with the 
cathode of a diode 126. The anode of the diode 126 is 
grounded. 

In like msanner, the cathode of the diode 108 connects 
with the primary of a transformer 128. The transformers 
120 and 123 may have a turns ratio of, for example, 3:1. 
The other terminal of the primary of the transformer 128 
is connected to the positive terminal of the 16 volt direct 
voltage source. The secondary of the transformer 128 is 
connected to the base of the transistor 32 and to a resistor 
130. The resistor 130 is connected to the negative ter- 
minal of the S volt direct voltage source. The secondary 
of the transformer 128 is shunted by a diode 132, the 
anode of the diode being connected 'to the cathode of a 
diode 134, and the anode of the latter diode being 
grounded. 

The resistors and capacitors of the flip-flop circuit of 
FIGURE 1 may have the following values. 

Resistor 34 kilo-ohms 15 

Resistor 36 do 15 

Resistor 40 do 15 

Resistor 38 do 3 

Resistor 48 do 15 

Resistor 46 do 3 

Capacitor 42 micro-microfarads 20 

Capacitor 50 do 20 

Capacitor 62 do 150 

Resistor 56 kilo-ohms — 1.6 

Resistor 60 do 13 

Resistor 70 do 20 

Capacitor 72 micro-microfarads 150 

Resistor 74 kilo-ohms — 1.6 

Resistor 80 do 13 

Resistor 86 do 20 

Resistor 122 do 36 

Resistor 130 do 36 

The operation of the flip-flop is fully described in the 
copending case Serial No. 831,277 filed August 3, 1959 
and will not be repeated here. 

As noted above, one of the fundamental functions of 
the arithmetic and control sections of the computer is to 
perform decisions. As also stated, these decisions are 
performed in the constructed embodiment of the invention 
by silicon diode logic gates. That is, the decision func- 
tions are performed by utilizing coincidence and mixing 
circuits, more commonly called logical "and" and logical 
"or" gates, respectively. The form assumed by the net- 
works is that of a logical "and-or" pyramid at the apex of 
which is the transistor flip-flop, as illustrated in FIG- 
URE I, or some other device for power amplification 
such as write amplifiers for the memory. The logic 
netv/orks in a constructed embodiment of the invention 
are composed entirely of silicon diodes of the type pre- 
sently designated 1N628, and of resistors. 

A typical "and-or" logical network terminating, for 
example, at the input transformer of a flip-flop, such as 
the flip-flop of FIGURE 1, is illustrated in FIGURE 2. 
The logical network of FIGURE 2 includes three diodes 
ISO, 152 and 154. The anodes of all these diodes are 
connected to a resistor 156 and to the anode of a diode 
153. The resistor 156 is connected to the positive ter- 
minal of the 35 volt direct voltage source. The terms 
B, C and F are respectively introduced to the cathodes of 
the diodes ISO, 152 and 154. These terms each have a 
first (false) value of the order of or ground potential, 
and they each have a second (true) value approaching 35 
volts. If any one of the terms B, C or F is at its first value 
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of ground potential, the anode of the diode 158 is estab- 
lished at that potential, and the diode 153 is rendered non- 
conductive. However, when al! of the terms B, C and F 
have their second, or true, vahie which approaches 35 
volts, the anode of the diode 15S is established at that 5 
positive voltage, and the diode is rendered conductive. 

A group of four diodes are illustrated in FIGURE 2, 
these diodes being designated as 160, 162, 164 and 166. 
The anode of each of these diodes is connected to a resistor 
168 and to the anode of a diode 170. The resistor 168 10 
is connected to the positive terminal of the 35 volt direct 
voltage source. The terms B, E, F and G are introduced 
to tlio cathodes of the diodes 160, 162, 164 and 166 re- 
spectively. 

Each oil the terms B, E, F and G, as before, has a first 15 
condition at which it has a potential of substantially or 
ground potential, and each of these terms has a second 
condition at Vv-hich it has a potential approaching 35 volts. 
As in the previous instance, only when all of the term.s 
B, E, F and G are in their second condition is the diode 20 
170 conditioned for conduction. On the other hand, 
when any of these terms is at its first or ground condi- 
tion, the anode of the diode 170 is established at or 
ground potential, and the diode is rendered non-con- 
ductive. 25 

A third group of diodes 172, 174 and 176 are also 
illustrated in FIGURE 2. The anodes of each of these 
latter diodes are connected to a resistor 178 and to the 
anode of a diode 180. The resistor 178 also is connected 
to the positive terminal of the 35 voltage source. The 30 
terms C, F and G are introduced to the cathodes of the 
diodes 172, 174 and 176 respectively. As before, these 
latter terms each have a first value of or ground po- 
tential, and a second value at a positive potential ap- 
proximating 35 volts. Only when all of the terms C, F, 35 
and G are at the second value, is the diode ISO condi- 
tioned icr co'^duction. 

The cathodes of the diodes 158, 170 and 180 are all 
comiecled to an input terminal designated (a). This in- 
put terminal is connected to the primary of a trans- 40 
form.er 182, the other terminal of the primary being con- 
nected to the positive terminal of a 16 volt direct voltage 
source. The transformer 1532 may be similar to the trans- 
formers 120 or 128 in FIGURE 1, and may constitute 
the input transformer of a flip-flop. A diode 184 has its 43 
anode connected to the input terminal {a), and a diode 
186 also has its anode connected to the terminal (a). 
The clock pulses (T) lare introduced to the cathode of 
the diode 1S4, ard the output term (A) developed at the 
output terminal 63 of the flip-flap of FIGURE 23 may ^'^ 
be introduced to the cathode of the diode 186. 

Jt is apparent that when the terms B, C and F intro- 
duced to the cathodes of the diodes ISO, 152 and 154 are 
true or when the terms B, E, F and G introduced to the 
cathodes of the diodes 160, 162, 164 and 166, respective- ^^ 
ly are true; or when the terms C, F and G introduced to 
the cathodes of the diodes 172, 174 and 176, respective- 
ly are true; and when the ter.m (A) introduced to the 
cathode of the diode 186 is at a relatively high positive gg 
potential; then a negative clock pulse introduced to the 
cathode of the diode 184 is capable of interrupting the 
ciincnt through the secondary of the transfer 182 to 
trigger the flip-flop connected to that transformer. 

The group of diodes 150, 152 and 154; the group of eg 
diodes 160, 162, 164 and 166; and the group of diodes 
172, 174 and 176 are each connected as an "and" gate. 
The three "and" gates formed by the three groups of 
diodes are connected to form an "or" gate, and the re- 
sulting "or" gate is connected in circuit with the diodes 70 
184 and 186 to form a further "and" gate. The Boolean 
expression for the over-all neiv/orks is, therefore, in the 
form : 
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wnere: 

a — is the input to the flip-flop connected to the trans- 
former 182 

T — represents the clock pulses 

B, C, E, F and G — represent voltage levels from the other 
flip-flops. 

The operation of the gating structure of FIGURE 2 
is f.iich that when the output from the gate is at a positive 
potential as a result of a coincidence of positive levels 
cf all inputs of any one of the individual "and" gates, a 
charging current is supplied to the primary winding of 
the input transformer 182. The next clock pulse can 
then inhibit the transformer current and trigger the flip- 
flop connected to the transformer, in the manner de- 
scribed above. The illustrated method of gating allows 
liie rise time of the inputs to the different gates to occur 
in the time interval between successive clock pulses. 
This permits the use of large "pull-up" resistors for the 
"and" gates, and as a result, a single flip-flop is capable 
of driving 40 gates of this type. 

A typical read amplifier is shown in circuit detail in 
FIGURE 3. Tliis read amplifier uses NPN silicon junc- 
tion transistors, such as those designated 2N263. The 
read am.plifier circuit includes an input terminal 250 
v.'f'iieh, for example, receives the output signal from the 
preamplifier of a corresponding read head 624 associated 
v/ith the memory drum of the computer, as will be de- 
scribed. This input terminal is connected to the base of 
a first transistor 252. The collector of the transistor 252 
is connected to a resistor 254 and to a resistor 256, the 
eraittcr of the transistor 252 also being connected to the 
base of a transistor 258. The resistor 254 is connected 
to the positive terminal of a 25 volt direct voltage source, 
and the resistor 256 is connected to the negative terminal 
of a 15 volt direct voltage source. 

The collector of the transistor 258 is connected to a 
resistor 260, to the anode of a diode 262, to the cathode 
of a diode 264 and to the base of a transistor 266. The 
cathode of the diode 262 and the anode of the diode 264 
are both connected to a grounded capacitor 268. The 
emitter of the transistor 258 is connected to a resistor 
270, and a resistor 272 is connected to the resistor 270 
and to the negative terminal of an 8 volt direct voltage 
source. A capacitor 274 is shunted across the resistor 
270, and this capacitor is connected to a grounded ca- 
pacitor 276. 

The collector of the transistor 266 is connected to a 
resistor 278, to the anode cf a diode 280, to the cathode 
or n dide 232 and to the base of a transistor 284. The 
cathode of the diode 2S0 and the anode of the diode 
2S2 are connected to a grounded capacitor 286. 

The emitter of the transistor 266 is connected to a 
resistor 288, and the resistor 288 is connected to a re- 
sistor 290, the latter resistor being connected to the nega- 
tive terminal of the 15 volt direct voltage source. A ca- 
pacitor 293 is shunted across the resistor 288, and the 
capacitor 292 is connected to a grounded capacitor 294. 

The collector of the transistor 284 is connected to a 
resistor 296, and to the base of a transistor 293. The 
resistor 296 is connected to the positive terminal of a 35 
voit direct voltage source. 

The emitter of the transistor 284 is connected to a re- 
sistor 300, and the resistor 300 is connected to a resistor 
302. The latter resistor is connected to the negative ter- 
minal of the 15 volt direct voltage source. A capacitor 
304 is shunted across the resistor 300, and the junction 
of the resistors 300 and 302 is connected to a grounded 
capacitor 306. 

The collector of the transistor 298 is connected to a 
resistor 308 and to a capacitor 310. The resistor 308 is 
connected to the positive terminal of the 35 voit direct 
voltage source. TTie emitter of the transistor 298 is con- 
nected to a resistor 312 and to a capacitor 314. The 
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resistor 312 is connected to the positive terminal of a 4 
volt direct voltage source. 

The capacitor 310 is connected to a resistor 316, which 
in turn, is connected to the cathode of a diode 318 and to 
the base of a transistor 320. A capacitor 322 is shunted g 
across the resistor 316, and the anode of the diode 318 
is grounded. 

The emitter of the transistor 320 is connected to the 
cathode of a diode 324, the anode of the diode is con- 
nected to an input terminal 326 which receives the clock lo 
pulses (T). The collector of the transistor 320 is con- 
nected to a first output terminal 328. 

The capacitor 314 is connected to a resistor 330 which, 
in turn, is connected to the base of a transistor 332 and 
to the cathode of a diode 334. The anode of the diode 15 
334 is grounded. A capacitor 336 is shunted across the 
resistor 330. The emitter of the transistor 332 is con- 
nected to the cathode of a diode 338. The clock pulses 
(T) are introduced by way of an input terminal 339, to 
the anode of the diode 338. The collector of the tran- 20 
sistor 332 is connected to a second output terminal 340. 

The first stage of the amplifier of FIGURE 3, which in- 
corporates the circuitry associated with the transistor 252, 
is essentially an emitter follower which provides current 
gain and an impedance match to the head signal. The 25 
emitter follower is followed by three stages of voltage 
amplification, these stages including the transistors 258, 
266 and 284. Symmetrical clipping of the signal at the 
base of the transistor 266 is provided by the diodes 262 
and 264. Similar symmetrical clipping of the signal ai 30 
the base of the transistor 284 is provided by the diodes 280 
and 282. 

The circuitry of the transistor 298 also functions as a 
phase splitter, so that signals of a first phase are intro- 
duced to the base of the transistor 320, and signals of 35 
opposite phase are introduced to the base of the transistor 
332. Each of the output phases is gated by the clock 
pulses (T) introduced to the input terminals 326 and 339. 

The read amplifier of FIGURE 3 provides that one 
of the transistors 320 and 332 is conductive to the clock 40 
pulses (T) of the computer when a binary 1 is read from 
the magnetic memory drum, and the other of these tran- 
sistors is conductive to the clock pulses (T) when a 
binary is read from the drum. Therefore, the flip-flop 
206 is triggered to one operating state whenever a binary 45 
is read following a binary 1, and the flip-flop is returned 
to its first stable operating state whenever a 1 is read fol- 
lowing a binary 0. 

Suitable circuitry for use as a write amplifier is shown 
in FIGURE 4. The circuitry includes a blocking oscil- 50 
lator driving a transistorized power stage on each side 
of a center-tapped read head winding. As in the read 
amplifier, silicon junction transistors of the type presently 
designated 2N263 may be used in the blocking oscillators 
and in the circuits for triggering the blocking oscillators. 55 
In like manner, power transistors of the NPN silicon junc- 
tion type, such as are presently designated by the Texas 
Instrument Company as "970," may be used in the power 
stages. 

The input gating provided to the record or write ampli- 60 
fier 214 is identical with that of a flip-flop. Therefore, an 
additional write flip-flop is not necessary, since the desired 
waveform can be generated directly at the input of the 
record amplifier. 

The write amplifier of FIGURE 4 includes a first input 65 
terminal 350 and a second input terminal 352. When- 
ever the input signal introduced to the input terminal 350 
goes positive, a 1 will bs recorded by the write head 626 
associated with the illustrated write amplifier. Likev^ise, 
whenever the input signal introduced to the input ter- 70 
minal 352 goes positive, a is written on the magnetic 
drum 202 by the write head 626. 

The input terminal 350 is connected to the cathode of 
a diode 352, the anode of the diode being connected to a 
resistor 354 and to the anode of a diode 356. The resistor 75 



354 is connected to the positive terminal of a 25 volt direct 
voltage source. The clock pulses T are introduced to an 
input terminal 358 and to an input terminal 360. The 
input terminal 358 is connected to the cathode of a diode 
362, the anode of which is connected to the resistor 354. 

The cathode of the diode 356 is connected to the pri- 
mary winding of a transformer 364, the other terminal 
of the primary winding being connected to the positive 
terminal of a 16 volt direct voltage source. One terminal 
of the secondary of the transformer 364 is connected to 
the base of a transistor 366, and the other terminal of the 
secondary is grounded. A diode 368 is connected across 
the secondary of the transformer 364. 

The emitter of the transistor 366 is grounded, and the 
collector of the transistor is connected to a resistor 370, 
the resistor being connected back to the positive terminal 
of the 25 volt direct vohage source. The collector of the 
transistor 366 is also connected to a coupling capacitor 
372, and the coupling capacitor connects with the emitter 
of a transistor 374 and the anode of a diode 376. The 
base of the transistor 374 and the cathode of the diode 
376 are both grounded. The collector of the transistor 
374 is connected to the cathode of a diode 378, the anode 
of the diode being connected to the positive terminal a 
4.5 volt direct voltage source. 

The transistor 374 is connected as a blocking oscillator. 
Its emitter is connected to one terminal of a first winding 
of a blocking oscillator transformer 380, and its collector 
is connected to one terminal of a second winding of the 
blocking oscillator transformer. The other terminal cf 
the first winding of the transformer 380 is connected to a 
grounded resistor 382, and the second winding of the 
t-ansformer is connected to a resistor 384. The resistor 
3S4 is connected tc the positive terminal of the 25 volt 
direct vc'tage source. 

The Hocking oscillator transformer 380 has a third 
winding which is connected to the base of a power tran- 
sistor 3S6 and to a resistor 388. The resistor 388 is con- 
nected to the emitter of the transistor 386. The collector 
of the transistor 3S6 is connected to the positive terminal 
of an 80 volt direct voltage source. 

The emitter of the transistor 386 is connected to a re- 
sistor 390 which, in turn, is connected to one terminal of 
the winding of the corresponding write head 626. The 
resistor 3S0 is shunted by a capacitor 392. The winding 
of the wrhe he.id 626 is center-tapped, and the center tap 
of the v.-inding is connected to a grounded resistor 394. 

The input terminals 352 and 360 are connected to the 
circuitry associated with a transistor 396. This circuitry 
is similar to the circuitry associated with the transistor 
366. Likewise, the transistor 396 is coupled to a tran- 
sistor 398. The latter transistor, like the transistor 374, is 
connected as a blocking oscillator. The output from the 
blocking oscillator circuit associated with the transistor 
398 is connected to a power transistor 400. The power 
transistor 400 is connected to the other terminal of the 
winding of the write head 626. 

As mentioned, the "write 1" and "write 0" circtiits of 
the write amplifier of FIGURE 4 are identical. Each 
consists of a first stage which is used to trigger a blocking 
oscillator which, in turn, drives a grounded collector 
power stage. The blocking oscillators are pulse width 
controlled by external circuit parameters to permit inter- 
changeability of transistors in these stages. 

Therefore, to write a "1" on the magnetic memory 
drum 206 by means of the associated write head 626, the 
input signal at the input terminal 350 goes plus to permit 
the next clock pulse to be passed through the circuitry of 
the transistor 366 to trigger the blocking oscillator asso- 
ciated with the transistor 374. The resulting output pulse 
from the blocking oscillator is amplified by the power 
amplifier transistor 386, and a current flows through the 
top section of the winding of the write head 626 so that 
the resulting magnetic recording will have the polarity 
corresponding to a binary "1." Conversely, when the 
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signal introduced lo the input terminal 352 goes plus, the 
next clock puise "T" is amplified by the transistor 396 to 
trigger the bioc'King oscillator circuit of the transistor 
394. The resulting output pulse is amplified by the power 
transistor 400 and a current flows in the opposite direction 5 
through the lower section of the winding of the associated 
write head 625. This latter current causes a magnetic 
recording corresponding to a binary "0" to be made on 
the corresponding channel of the magnetic memory drum. 

The circuitry of a suitable clock generator for the com- 10 
puter is illustrated in FIGURE 5. This generator like- 
wise may use silicon junction N-P-N transistors of the 
2N263 type, in conjunction with a final power output stage 
which may use silicon junction N-P-N power transistors 
01 this type designated 953 by the Texas Instrument Com- ig 
pany. The pulse repetition frequency may be of the 
order of 100-200 kilocycles, as mentioned above. 

The signals from one of the read heads 624 is intro- 
duced through an input terminal 410, this particular read 
head being coupled to a clock channel on the magnetic 20 
memory drum. The input terminal 410 is connected to 
the base of a transistor 412. The collector of the tran- 
sistor 412 is connected to a resistor 414, and the emitter 
cf the transistor 412 is connected to a resistor 416 and 
4o the base of a transistor 418. The resistor 414 is con- 25 
nccted to the positive terminal of the 25 volt direct voltage 
source, and resistor 416 is connected to the negative ter- 
minal of the 15 volt direct voltage source. 

The collector of the transistor 418 is connected to a 
resistor 420 and to the base of a transistor 422. The 30 
collector is also connected to the anode of a diode 424 
and to the cathode of a diode 426. The cathode of the 
diods 424 and the anode of the diode 426 are connected to 
a grounded capacitor 428. 

The einiitter of the transistor 418 is connected to a re- 35 
sistor 430 which, in turn, connects with a resistor 432. 
The resistor 430 is shunted by a capacitor 434, and the 
junction of the resistors 439 and 432 is connected to a 
grounded capacitor 436. 

The collector of the transistor 422 is connected to a re- 40 
sistor 44ii and to the base of a transistor 442. The base 
of the transistor 442 is connected to the cathode of a 
diode 444, the anode of which is connected to the emitter 
of the transistor 442 and to a grounded capacitor 446. 

The emitter of the transistor 422 is connected to a resis- 
tor 44S, the resistor 448 being connected to a resistor 450, 
and the resistor 450 being connected to the negative ter- 
minal of the 15 volt direct voltage source. A cap;icitor 
452 is shunted across the resistor 448, and the capacitor 
432 is connected to a grounded capacitor 454. c^ 

The collector of the transistor 442 is connected to a 
resistor 45S and to the base of a transistor 453. The 
resistor 4S6 is connected to the positive terminal of the 
35 volt direct voltage source. The collector of the tran- 
sistor 4S8 is also connected to the positive terminal of ,. 
the 35 volt direct voltage source. The emitter of the 
transistor 4S8 is connected to a grounded resistor 460 and 
to a capacitor 452. The capacitor 452 is connected to a 
grounded resistor 464 and to the emitter of a transistor 
45S. The transistor 46S is connected as a blocking os- 
cillator. The base of the latter transistor is connected to 
a grounded resistor 468. The emitter of the transistor is 
connected to the anods of a diode 478l, and the collector 
is connected to the cathode of a diode 472. The anode 
of She latter diode is connected to the positive terminal of 
a fl Yo't direct voltage source. 

The cathode of the d;ode 479 is connected to a first 
winding of a blocking osciiiatcr transformer 474. The 
collector of the transistor 466 is connected to a second 
winding of the Irausformer 474. The other terminal of 
the second winding of the transformer 474 is connected 
to tlie positive terminal of the 25 volt direct voltage 
source. 

The cathode of the diode 470 is further connected to 
a resistor 476 which, in turn, is connected to the anode yg 
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of a diode 473. The cathode of the diode 478, and the 
other terminal of the first winding of the transformer 
474, arc connected to a grounded resistor 4S0, A capac- 
itor 483 is shunted across the resistor 488. 

The transformer 474 has a third winding which is 
connected to the base of a transistor 4S4 and to a re- 
sistor 4S6, the resistor being shunted by a capacitor 483. 
The resistor 4S6 is connected to a first resistor 490 and 
to a second resistor 492. The resistor 490 is connected 
to the emitter of the transistor 484 and the resistor 492 
is connected to the emitter of a transistor 4S4. The 
transistors 484 and 494 are power transistors, and their 
collectors are connected to the positive terminal of the 
80 volt direct voltage source. The base electrodes of 
the transistci'S 434 and 494 are connected together and 
to the anode of a diode 496. The cathode of the diode 
436 is connected to the positive terminal of the 60 volt 
direct voltage source. 

The resistor 4S6 is also connected to the cathode of a 
diods 49S, tiie ar!cde cf which is connected to the nega- 
tive terminal of a 25 volt direct voltage source. The 
resistor also connects with the primary winding of a 
transformer S9C, the other terminal of that primary wind- 
ing being grounded. The secondary winding of the trans- 
former 500 is connected to ground and to an output 
terminal 502. The output terminal produces the clock 
pulses (T). This output terminal also connects with 
the catisode of a diode 5(S4, the anode of which is con- 
nected to a grounded resistor 506. 

It will be observed tr<at the first three stages of the 
clock generator 210 are similar to the circuitry of the 
read amplifier i.'lustrated in FIGURE 4, with certain 
modifications. The fourth and fifth stages, which include 
the circuitry of the trar,s!siors 442 and 458 shape the 
clock signal and provide triggering pulses for the blocking 
oscillator circuit associated with the transistor 466. The 
output pulses from the blocking oscillator drive the power 
stage which is made up of the power transistors 484 and 
494. The resulting output pulses from the power stage 
are introduced to the primary of the transformer 500, 
so that the negative-going clock pulses (T) m.ay be pro- 
duced at the output terminal 5S2. 

Extreme care is taken to control the pulse width of 
the output clock pulses by preventing saturation of ail 
the transistors, and by minimizing the eifect of variations 
of transistor parameters with external circuit compo- 
nents. As a result, the output pulse width variation in 
the constructed embodiment of the invention is less than 
.5 microsecond througliout the temperature range of from 
-55° C. to +120° C. 

As ijlusirated in FIGURE 6, a selection matrix con- 
nects with a center tap connection on each of a group of 
read heads 624 which are controlled by that matrix. The 
other terminals of one of the read heads are connected 
to the anodes of a pair of diodes 520 and 522 respectively, 
in like manner, the other terminals of another of the 
read heads 624 are connected to the anode of a diode 
524 and to the anode of a diode 526. Still other ones 
cf the read heads are similarly connected to like diodes. 

The cathodes of all the diodes associated with one of 
the terminals of the read heads, such as the diodes 532 
and 526, are ccniiected to a common lead 528. Like- 
wise, the cathodes of all the diodes connected to the 
other terminals of the read heads, such as the diodes 521! 
and 524, are connected to a common lead 530. The 
lead 533 is connected to the base of an NPN transistor 
532, and the lead 530 is connected to the base of an 
KPN transistor 534. 

The collectors of the ti'ansistors 532 and 534 are con- 
nected to the positive terminal of a 25 volt direct voltage 
source. The emitter of the transistor £J34 is connected 
to one tcrmina! of the primary of an output transformer 
SJ6, and tiie emJtter of the transistor 532 is connected 
to the other terminal of tlie primary. Tiie center tap 
of the primary of the transformer 526 is connected to 
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the positive terminal of an 8 voit direct voltage source. 
One terminal of the secondary winding of the trans- 
former 536 is grounded, and the other terminal is con- 
nected to a read amplifier 204. 

In the illustrated switching circuitry of FIGURE 6, 
a particular one of the read heads is selected by the 
matrix in the unit 16 which biases the diodes of the se- 
lected head in the forward direction, all the other diodes 
being biased in the reverse direction. The selected head 
signal is superimposed on tlie direct current biasing cur- 
rent, and it drives the push-pull grounded collector stage 
of the transistors 532 and 534. This stage is coupled 
through the transformer 536 to the read amplifier 204. 
The push-pull output stage is used to cancel switching 
transients and noise which would overload the read am- 
plifier and increase the time between track selection and 
reading. The effect of the variations of diode forward 
voltage is also minimized by the push-pull arrangement. 
The memory system of the computer is illustrated in 
the schematic representation of FIGURE 7. As noted 
above, the different information is recorded on the mag- 
netic drum 662 in a plurality of imaginary tracks, or 
channels, which are spaced axially along the drum adja- 
cent one another. These tracks have corresponding read 
heads (not shown) which read the information recorded 25 
on the individual tracks. Moreover, certain ones of the 
tracks have corresponding write heads (not shown) which 
can be controlled to write data on the tracks with which 
they are associated. As also mentioned, each of the chan- 
nels or tracks on the drum has sixty-four sectors, and a 2" 
twenty-five digit word may be recorded in each sector. 

The uppermost channel on the drum in FIGURE 7 is 
the clock channel (T). This channel, as mentioned 
above, contains a plurality of recordings which are spaced 
from one another by an interval corresponding to a ^^ 
binary bit or digit. The recordings in the clock channel 
(T) are read by an appropriate read head and introduced 
to the clock generator 210 (described in conjunction with 
FIGURE 5). The clock generator develops a plurality 
of clock pulses designated (T). These clock pulses are '"^ 
used to time the actual triggering of all the flip-flops in 
the computer. For purposes of convenience, in some in- 
stances the clock pulses are omitted in the ensuing descrip- 
tion of the logic circuitry used in the computer of the in- 
vention. However, it is to be remembered that the timing 45 
of substantially all the flip-flops is under the control of 
the clock pulses (T). 

The magnetic drum 662 also contains twenty-nine chan- 
nels which constitute the permanent storage for the com- 
puter, and on which the various commands are recorded 
These channels will be referred to as the (Moy) channels 
Adjacent the (Moy) channels is a temporary storage chan- 
nel for the output numbers which is designated the (Mox) 
channel. The magnetic drum 662 also includes an (Mov) 
temporary channel for the input numbers, and it includes 55 
an (Moz) temporary storage channel for the input num- 
bers. The selection matrix 16 (FIGURE 6) is coupled 
to the read heads associated with the (Moy) channels, and 
it is also coupled to the read heads associated with the 
(Mox), (Mov) and (Moz) channels in the manner de- 
scribed in conjunction with FIGURE 6. These read heads 
are all coupled to the read amplifier 204, which, in turn, 
is coupled to a read flip-flop (Moy). Any one of the 
read heads associated with the different (Moy) channels, 
or any one of the read heads associated with the (Mox), 
(Mov) and (Moz) channels, may be selected by the selec- 
tion matrix 16, so that its output signals may be introduced 
to the read amplifier 204 to actuate the read flip-flop 
(Moy). The terms (Moy) and (MoJ/) may be derived 
from the read flip-flop (Moy). 

The (Mox) temporary storage channel has an addi- 
tional read head which is coupled to a read amplifier 600, 
the read amplifier, in turn, being coupled to the input ter- 
minals of a read flip-flop (Mo;c). The read flip-flop 75 
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(Mox) produces (Mox) and (Moo;) terms at its output 
terminals, regardless of the control exerted on the other 
read heads by the selection matrix 16. 

The (Mox), (Mov) and (Moz) channels include re- 
spective write amplifiers 602, 604 and 606 which are con- 
nected to corresponding ones of the write heads associated 
with these channels. The amplifiers 602, 604 and 606 
may be connected in the manner described in conjunction 
with FIGURE 4. Tliese amplifiers each have two input 
terminals, and they each include a pair of blocking oscil- 
lators. When a term is introduced to one input terminal 
a corresponding binary "0" is written in the correspond- 
ing channel, and when an input term is introduced to the 
other input terminal a binary "1" is written in the corre- 
sponding channel. The term (mox) and the term (nj^) 
are introduced to the respective input terminals of the 

write amplifier 602. Likewise, the terms (m„) and (mov) 
are introduced to the input terminals of the write ampli- 
fier 604, and the terms (moj) and (moz) are introduced to 
the input terminals of the write amplifier 606. 

As also described above, the magnetic drum 662 in- 
cludes an accumulator register channel (A), an instruc- 
tion register channel (I), a multiplicand and divisor 
register channel (D) and a multiplier and quotient register 
channel (R). The instruction register channel provides 
a twenty-five bit delay and the multiplier channel (R) and 
multiplicand register channel (D) provide a twenty-four 
bit delay so that, in a manner to be described in more 
detail, a word of information may be circulated in these 
registers. The read heads associated with the various 
register channels are coupled to a corresponding plurality 
of read amplifiers 608, 610, 612 and 614. These read 
amplifiers may be connected in a manner similar to that 
described in conjunction with FIGURE 4. 

The read amphfier 608 controls a flip-flop (Ao) which 
is included in the accumulator register (A). This flip- 
flop provides the output terms Ao and Ao. The read 
amplifier 610 controls a flip-flop (lo) which is included in 
the instruction register (I). The flip-flop (lo) produces 
the output terms lo and lo. The read amplifier 612 con- 
trols a flip-flop (Do) which is included in the multiplicand 
and divisor register (D). This latter flip-flop provides 
the terms Do and Do. The read amplifier 614 controls 
the flip-flop (Ro), this latter flip-flop being included in the 
multiplier and quotient register channel (R). The flip- 
flop (Ro) supplies the output terms Ro and Uo. 

A plurality of write amplifiers 616, 618, 620 and 622 
are respectively coupled to the write heads associated 
with respective ones of the register channels. The input 
terminals of the write amplifiers 616 are designated Og 
and (To respectively. Tliis amplifier, and the amplifiers 
618, 620 and 622 may be similar in their construction to 
the write amplifier described in conjunction with FIG- 
URE 4. The input terminals of the write amplifier 618 
are designated Iq and 7^. The input terminals of the write 
amplifier 620 are designated do and dl respectively. The 
input terminals of the write amplifier 622 are designated 
rg and r^ respectively. 

The magnetic drum 662 also includes a sector channel 
which is designated as (Sot). Tliis sector channel (Sot) 
has binary numbers recorded in it which constitute the 
addresses of the dilferent sixty-four sectors of the drum. 
The read head associated with the sector channel is cou- 
pled to a read amplifier 624 which may be similar in its 
construction to the read amplifiers described above. The 
read amplifier 624 controls a flip-flop (Sot). The latter 
flip-flop provides the terms Sot and 'Sot. 

The computer of the invention may be considered to 
be composed functionally of a control unit, a memory unit 
and an arithmetic unit. Each of these units includes a 
plurality of flip-flops, and the disposition of these flip- 
flops in the several units is illustrated in FIGURES 8, 9 
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and 10. In some instances, a flip-flop is used in more 
than one unit and on a time-shared basis. V/henever a 
flip-flop lias a secondary use, srxh secondary use is shown 
in dotted form in these figures and in the appropriate unit. 

The control unit of FIGURE 8 includes the instruction 
register (1), which is designated as 12; and it also in- 
cludes a coincidence detector 20, an order register 14, and 
a group of control flip-flops represented by a block 22. 

The instruction register includes the flip-flop (lo) 
which was described in conjunction with FIGURE 7. 
The order register 14 includes a group of three flip-flops 
which are designated 01, 02, and 03. The order register 
also uses a group of flip-flops SI, S2, S3 and S4 from a 
track selector register 700 (FIGURE 9) on a time-shared 
basis. The coincidence detector 2ft includes a flip-flop 
(Kc) and it also uses the flip-flop (S4) from the track 
selector register. The block 22 includes a group of three 
control flip-flops which are designated Kl, K2 and K3. 

The memory unit of FIGURE 9 includes the track 
selector register 700 referred to above. This register in- 
cludes the flip-flops S1~S4- referred to above, and it in- 
cludes an additional fiip-flop S5. Also included in tlie 
memory unit are the read flip-flops Moy, Mox and So/ of 
FIGURE 7. 

The arithmetic unit of FIGURE 10 includes the ac- 
cumulator register (A), the multiplicand and divisor reg- 
ister (D), the multipiier and quotient register (R), and 
an auxiliary arithrcetic unit for time standard and in- 
put/output operation is also included. The accumulator 
register (A) includes the read flip-flop (Ao) of FIG- 
URE 7, and it also includes a flip-flop (At), a flip-flop 
(DO, arid a carry fiip-tlop (Ca). Moreover, the accumu- 
lator register uses the track selector flip-flop (SI) and 
the coincidence detector flip-flop (Kc) on a time-shared 
basis. 

The (D) register includes the flip-flop (Do) of FIG- 
URE 7, and it uses the track selector flip-flop (S2) on a 
lime-shared basis. The (R) register, on the other hand, 
includes the flip-flop (Ro) of FIGURE 7, and it also 
uses the coincidence flip-flop (Kc), and the control flip- 
flop (K3) and the track selector flip-flops (S3) and (S4) 
on a timed-shared basis. The auxiliary arithmetic unit 
includes a time standard flip-flop (Ts), an output com- 
parator flip-flop (Cc), an output carry flip-flop (Cn), 
and an input/output flip-flop (Mn)- 

The computer of the invention includes a bit counter 
'628 which is illustrated in FIGURE 11. This bit counter 
is controlled to provide different confiaurations for each 
bit time during each word as the drum 663 of FIGURE 7 
rotates. As noted previously, each word on the drum 
contains twenty-five digits, and there are sixty-four words 
for each channel. The bit counter of FIGURE 11 is 
controlled therefore to count from P24 to Pq to provide 
twenty-five different configurations each representing a 
different bit, or digit time. In a manner to be described, 
the bit counter of FIGURE 11 is controlled so that it 
may conveniently be synchronized with the sector channel 
(Sofc) on the dru.m so that the digit times represented by 
the bit counter will conform with the digit times of the 
commands in the permanent storage channels (Moy) as 
represented by the binary numbers in the sector channel. 

The bit counter of FIGURE 1 1 includes a plurality of 
flip-flop networks v/hich are designated Tl, T2, T3, T4 
and T5 respectively. The flip-flops may be constructed 
in accordance with the circuitry described in conjunction 
with FIGURE 1. A plurality of "and" gates and a plu- 
rality of "or" gates are coupled to the flip-flops in the 
bit counter. The "and" gates are designated as 630. 632, 
634, 636, 638, 640, 642, 644, 646, 648, 650, 652, 654 and 
656 respectively; and the "or" gates are designated as 
660, 662, 664 and 666 respectively. 

The "and" and "or" gates are connected to the dif- 
ferent flip-flops Tl, T2, T3, T4 and T5 in the manner 
.illustrated in FIGURE If snd in accordance v/ith the 



following logical equations. Tlie "or" gates and the 
"and" gates may be connected together in the manner de- 
scribed in conjunction with FIGURE 24. 

h'^^'J's-r'-l's-i-'J^'i-SoT 

h=T,(.Ti.Ts,+l'3) 

10 h=Ti.T2 

U^T,.T^.T37Fi 
h=Ti.T2.T3.Ti 
t^=Ti.T2.T3 

J. h=T2(.T3.Ti+l'i.T3.Ti) 

The logic illustrated in FIGURE 11, and set forth in 
the above equations, controls the flip-flops Ti, Ta, T3, T4 
and T5 so that the bit counter has successive configura- 
tions as shown by the timing chart of FIGURE 12. It 

2Q will be noted that the clock pulses (T) are omitted from 
the logic equations, as are the cross output terms of the 
individual flip-flops. However, these terms are illustrated 
in F"iGURE 11. That is, the terms T and Ti are shown 
as introduced to the "and" gate 630, the terms T and Tj 

25 are introduced to the "and" gate 634, the terms T and T2 
are introduced to the "and" gate 636, the terms T and T2 
are introduced to the "and" gate 638, and so on where 
"T" represents the clock pulses; and Ti, T2 . . . , Ti, Tj . . . 
represent the output terms. 

30 The bit counter of FIGURE 1 1 normally couitts down 
from the digit time P24 to the digit time Po. An examina- 
tion of the circuitry will reveal that when the bit counter 
reaches the P2 configuration, it can reach the Pj configura- 
tion only when the (Sqt) term is a 1. The recordings in 

35 the sector channel of the drum 662 in FIGURE 32 are 

arbitrarily arranged so that only in the Pj bit position in 

that channel do all sixty-four words on the drum contain 

a 1. All other bit positions contain at least one 0. 

Therefore, as the drum 662 rotates, after the computer 

40 has first been put into operation, the bit counter of FIG- 
URE 1 1 will start counting, and it will continue to count 
down from P24 until it reaches its P2 configuration. Then, 
if it encounters a 1 from the flip-flop (Sqt), it will con- 
tinue ot its P(i position. However, if for the next word, 

45 it does not encounter a 1 at its P2 configuration, it will 
stop until it does so. This shift between the count of the 
bit counter and the sector channel will continue until the 
Pg bit position of each word in the sector channel corre- 
sponds with the Pn bit configuration of the counter. At 

50 that time, the counter will be synchronized with the sector 
channel and will proceed to repeat its digit count for each 
v/ord. It will be noted that this synchronizing of the bit 
counter with the sector channel is obtained in the com- 
puter of the invention without the requirement of the 

55 addition of any identifying bits on the magnetic drum. 

In addition to the bit counter of FIGURE 11 and which 

shall be designated generally as 628, the computer of the 

invention includes a vmrd counter 670 which is illustrated 

in FIGURE 13. This word counter counts from WO to 

CO W63 word times, and then repeats. The sector numbers 
in the sector channel (So.') on the magnetic drum are syn- 
chronized as vyill be described with their binary-coded 
equivalents in the word counter. 

The word counter 670 includes a group of six flip-flops 

65 which are designated Wl, W2, W3, W4, W5 and W5. A 
plurality of "or" gates 672, 674, 676, 678, 680, and 682; 
and a plurality of "and" gates 684, 686, 688, 690, 692, 
694, 696, 59S, 700, 702, 704, 706, 7Q8, 710, 712 and 714 
are connected 'to the flip-flops in the manner illustrated 

70 in FIGURE 3.5 and as represented by the following logic 
equations. 

The logic circuitry of the counter 670 also includes an 
emitter follower which is de.ssgnated Pq, and which pro- 
vides an output term Pq at digit time. An "and" gate 

75 716 is connected to the input terminal of the emitter fjol- 
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lower Po, and the terms Ti, T2, T3 and T5 are introduced 
to the "and" gate 716. It will be realized that these 
terms correspond to the configuration of the bit counter 
638 of FIGURE 11 at Po digit time, as shown by the chart 
of FIGURE 12. The following logic equations are ap- 5 
plicable to the word counter 670: 

K\=Po+Sot.Ti.'Ti 

1Cl=Po 

W2=Pt.W^+Sot{Pi-Pi3) 10 

W3=Po.M'l.J^2+^0'(n-Pl3) 
Wi=P<,.W,.fV2.W^+Sot(P^-P,3) 

^v^=P,.W^.W^.Wi 15 

w^=Pa.iVi.W!,.W3.Wi+Sol(Ps-Pi3) 

Wi=Po.Wi.W2.W3.Wi 
yve=Po.Wi.W2.W3.Wi.Ws+Sol(Ps~Pn) 
w,=^Po.Wr.W2.Ws.Wi.W^ 2^ 

As before, the clock pulses (T) and the cross terms for 
the individual flip-flops have been omitted from the logic 
equations. To simplify the illustrated circuitry, these 
terms have also been omitted from FIGURE 13. 

The logic involved with the word counter is simple 25 
counter logic, with Wj representing the least significant 
digit of the sector number and Wg representing the most 
significant digit of that number. 

The term So?.T5.T4 is the synchronizing signal which 
sets the counter after the bit counter 628 is properly syn- 30 
chronized and in response to signals from sector 63 of the 
sector identifying channel (Sot) which occur during the 
digit period P13 — P9. Synchronization is accomplished 
by storing a "1" in each of the digit positions P13— Pg of 
sector 63, in the (Sot) channel but storing a "0" in the 35 
respective P13— P9 positions of the other sectors of that 
channel. The word counter 670 of FIGURE 13 is not 
synchronized v/ith the number 63 sector until the bit 
counter of FIGURE 1 1 is in synchronism with the sector 
channel (Sqt). as described above. Only then will the '10 
bit counter properly identify the P13— Pg digits of the 
sector channel by the terms T4.T5. When that occurs, 
the word counter 670 is set to lUUll. At each Po 
time, the word counter undergoes a transition, and it 
counts through a series of 64 steps at which time it again 45 
reaches the 1111111 configuration by the recordings in 
the sector 63 of the channel {Sot). 

To sum up the action of the sector channel (Sot), 
and the bit counter of FIGURE 1 1 and the word counter 
of FIGURE 32, it should again be pointed out: the sec- SO 
tor address channel (Sot) is a permanent channel on the 
magnetic memory drum 662 as described in conjunction 
with FIGURE 7. This channel contains the sector ad- 
dress number, and the sector address number is recorded 
in the channel as two 6-bit serial codes. In addition, the S5 
sector channel (Sot) has a 1 at the P2 digit position of 
each sector, this 1 being used to synchrcmize the bit 
counter 628 of FIGURE 1 1 in the described manner. 
As also described, the P2 digit time is the only position 
on the (Sot) track of the magnetic memory drum which 60 
contains a 1 in every word. 

Therefore, if the bit counter 628 of FIGURE 11 is set 
into operation at a point such that the P2 configuration 
of the counter occurs at any other digit time with respect 
to the magnetic memory drum, it will find at least one 65 
"0" at tliat time as it moves from word to word. The 
counter will then stay in the P2 configuration until it finds 
a 1 at a later time, thereby skipping one or more counte. 
This shifts the P2 configuration of the counter relative 
to the words on the magnetic drum 662. The process is 70 
continued until the P2 configuration of the counter occurs 
at the P2 time of the words on the drum. At this time, 
the counter can no longer shift with respect to the words 
on the drum as there is always a "1" on the (So/) track 
at this pulse time of every word. This system enables 75 



the bit counter 628 to synchronize with the words on the 
magnetic memory drum after a maximum lag of one 
drum revolution. 

As also described in conjunction with FIGURE 13, the 
(Sot) track of the magnetic memory drum is further used 
to synchronize the word counter 670. This latter syn- 
chronizing is accomplished as noted, by placing at one 
"1" in the digit positions P13— Pg of sector 63, and all 
"O's" at these digit positions in all other sectors. It can 
take at most one drum revolution after the bit counter 
628 of FIGURE 11 is synchronized to synchronize the 
word counter 670 of FIGURE 13, so that both counters 
will be synchronized in a maximum of two drum revolu- 
tions. The "I's" in the P13— P9 digit times of the word 
63 sets all the flip-flops Wi-Wg of the word counter 670 
to "1." 

The logic associated with the coincidence detector flip- 
flop Ko of FIGURE 8 is illustrated in FIGURE 14. The 
left input terminal (to) of the flip-flop has a plurality 
of "or" gates 701, 702, 704 and 706 associated with it, 
and that input terminal has a plurality of "and" gates 
708, 716, 72-1, 741, 716, 718; 720 and 722 also associ- 
ated with it. The "and" gates and "or" gates are con- 
nected to one another and to the left input terminal of 
the fllp-ftop in the manner illustrated in FIGURE 14 
and in accordance with the following logic eqiiations: 

k^=P0m(K2+i:&M) + TS.T4.K2, 

KZ+Ki.'M(PQMM+M.Ta.P24) 

The right inptJt terminal (k(,) of the flip-flop (Kc) 
has a group of "or" gates 723, 726, 728, 730, 732, 734, 
736 artd 738 associated with it, and that input terminal 
has a plurality of "and" gates 740, 742, 744, 74«, 748, 
7S0, 7S2, 754, 756, 758, 760, 762 and 764 also associated 
with it. The latter group of "or" gates and "and" gates 
are interconnected with one another and to the right in- 
ptit terminal k,. of the flip-flop (Kc) in the manner ilhis- 
trated in FIGURE 14 and in accordance with the foBow- 
ing logic equation: 

Tc„=Ti{K2[PC>Cm+Oi+W:.1o) +F1'T5(T4+TIS) ] 

+'R2.K3M.P0}+Kl.T^(O3.Fa.P24+O2.S3.P0) 

The logic a-ssociated with the control flip-flops in the 
block 22 of FIGURE 8 is illustrated in FIGURE 15. 
There are three of these flip-flops and they are desig- 
nated Kl, K2 and K3. The input terminal fci of the flip- 
flop (KI) has a plurality of "or" gates 770, 774, 776, 778 
and 780 associated with it, and that input terminal has a 
plurality of "and" gates 782, 784, 786, 788, 790 and 792 
also associated with it. These "and" gates and "or" 
gates are oonneoted to one another and to the input 
terminal ki of the flip-flop (Kl ) in the manner illustrated 
in FIGURE 15 and in accordance with the foUowing^ 
logic equation: 

ki=R3+P0{T?:2im.O2+Ol.O3(S4+m-i 

+K2.KcC^+m.02.03 ) -1-7} 

A pair of "and" gates 794 and 796, and an "or" gate 
798 are connected to one another and to the right input 
terminal (fci) in the manner illustrated in FIGURE 15 
and in accordance with the following logic equation: 

Tci=P0JCSf+R\rw6+'n:3)K2 

A plurality of "or" gates 800, 802, 804, 806 and 808, 
and a pluralityy of "and" gates 810, 812, 814, 816, 818, 

820 and 822 are connected to one another and to the in- 
put terminal k^ of the flip-flbp (K2) in the manner illus- 
trated in FIGURE 15 and in accordance with the follow- 
ing logic equation: 

ks=R3+P0{7+K2('7t3+Ol.O2.S2M) 

+K1 [oi cm+02M) +mmi} 

An "and" network 824 and an "or" network 826 are 
connected to one another and to the input terminal S^ 
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of the flip-flop (K2) in accordance with the following 
logic equation: 

Tf2=TiT.K3.KcJ(03+Ol + 02)PQ 

A plurality of "or" networks 828, 830, 832, and 834, 
and a plurality of "and" networks 836, 838, 840 and 842 
are connected to one another and to the input terminal 
kg of the flip-flop (K3) in accordance with the followins 
logic equation: 

k3=R:i+P0{7+Kl.K2+Til.'K2.OLO3(S4- 

TO2)}-l-^.2i2.Ol.O2[^o-t-P0] 

A plurality of "or" gates 844, 846, 848, and 850, and 
a plurality of "and" gates 852, 854, 856, 858, 8^0, 862, 

864 and 866 are connected to the input terminal AJj of the 
flip-flop (K3) in accordance with the following logic 
equation: 

T3=Ti..'Ol.O2[1o.'E2.T'0+O2,.Ai.P24-\ 

-f P0{Xl[^2.55+Afrf.K2.I:/*] +m.KZ.Kc}J 

The logic included in the order register 14 of FIGURE 
8 is illustrated in FIGURE 16. As noted above, this 
register contains three flip-flops which are designated Ol, 

02 and 03. 
A pair of "and" gates 870 and 872 and an "or" gate 

874 are connected in a logic circuit to the input terminal 
oj of the flip-flop (Ol). The input terminal ol of that 
flip-flop has a pair of "and' gates 876 and 878 and an 
"or" gate 880 associated with it. 

Likewise, a pair of "and" gates 882 and 884, and an 
"or" gate 886 are connected in a logic circuit to the input 
terminal Oj of the flip-flop (02). Similarly, a pair of 
"and" gates 888 and 890, and a pair of "or" gates 892 and 
894 are connected to one another and to the input ter- 
minal o^ of the flip-flop (02). 

A pair of "and" gates 893 and 895, and an "or" gate 
896 are connected in a logic circuit to the input terminal 

03 of the flip-flop (03). A pair of "and" networks 896 
and 898, and an "or" network 900 are connected in a 
logic circuit to the input terminal ol of the flip-flop (03). 

The "and" gates and the "or" gates associated with the 
flip-flops 01, 02 and 03 are connected to those flip-flops 
and to one another in the manner illustrated in FIGURE 
16, and in accordance with the following logic equations: 

Oi=(Kl.K3.'Ks+L)OZ 

'dl=(Kl.K2.m+L)T)2 

02=(K1.K2.K3+L)03 

o'2=iKl.K2.T^+L)03+R3 

03= (Kl.K2:m.Moy+L.E.) 

ol=(K\.K2MIIoy+L.E.+R3) 

As mentioned in conjunction with FIGURE 9, the 
memory unit includes a track selector register 700 which 
controls the selection matrix 16 of FIGURE 7. The 
logic circuitry incorporated in the track selector register 
700 is set out in FIGURE 17. As noted above, this regis- 
ter includes a group of five flip-flops which are designated 
SI, S2, S3, S4 and S5. 

An "or" network 900 is connected to the input terminal 
Ji of the flip-flop (SI) and a pair of "and" networks 902 
and 904 are connected to the "or" network 900. An 
emitter follower (Fg) is connected to the "and" gate 904. 
The components described above are connected to one 
another and to the input terminal 5i of the flip-flop (SI) 
in accordance with the foUowing equation: 

Si=KlJC2.K3.Aom+S2.FS 

A plurality of "or" gates 906, 908, and 910 and a 
plurality of "and" gates 912, 914, 916, 918, and 920 are 

connected to one another and to the emitter follower 
(Fs). These "and" gates and "or" gates are connected 
in accordance with the following equation: 

fs='KS/fiM.'K2+Kl.K2J'4.'KS+T4(T3+Tl.T2)TS 75 
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A pair of "and" gates 922 and 924 are connected to an 
"or" gate 926, the "or" gate being connected to the input 
terminal Si of the flip-flop SI. These latter components 
are connected in the manner illustrated in FIGURE 17 
and in accordance with the following logic equation: 

Ti=K1.7L2.K3.1[o.02+S2.FS 

The input terminal .^2 oi the flip-flop (S2), and the 
input terminal i-2 oi that flip-flop have a plurality of "or" 
gales and "and" gates connected to them, these gates being 
designated as 928, 930, 932, 934, 936, 938, 940, 942, 
944, and 946. The gates associated with the input ter- 
minals of the flip-flop (S2) are connected in a logic cir- 
cuit in the manner illustrated in FIGURE 17 in accord- 
ance v;ith the following logic equations: 

S2=Do7clfK1.02.PO+K\.K3{'U2 + (M) ] +S3Fs 
5;=:Do.7r2['ffT.'D2.i' O+ST.i?3(O2+05) ] +SS.Fs 

A plurality of "and" gates and "or" gates 943, 950, 
952, 954, 9SS, 9S3, 969, 962, 964 and 966 are connected 
to one another and to the input terminal S3 of the flip- 
flop (S3). Similarly, a plurality of "and" gates and "or" 
gates 968, 970, 972, 974, 976, 978, 980 and 982 are con- 
nected together and to the input terminal si of that flip- 
flop. The gates associated with the input terminals of 
the flip-flop (S3) are connected in the logic circuitry illus- 
trated in FIGURE 17 and in accordance with the fol- 
lowing logic equations: 

S3=7!2{Kl.K3[.7^.P0(Kc+S4) +7)1.541 _ 

-4-Zl.O2.P0} +54 .Fj 

S3=Kl.'E2.K3{S4:{O2.'Kc+'0l)-\-O2.T'0}+M.Fs 

A plurality of "or" gates and of "and" gates 981, 9S3, 
984, 983, 936, 987, 98S, 990, 992, 994, 996, 998 and 1900 
are logically connected in the manner illustrated in FIG- 
URE 17, and these gates are associated with the input 
terminal st and the input terminal «I of the flip-flop (S4). 
The latter logic circuitry may be represented by the fol- 
lowing logic equations: 

Si=^Ki:S2.K3.Ro0^+'O2)+S5.Fs__ __ 

Si='EilIio.Kl(O3.K3 + O'2.P24)+Kl.Wi.P0l +SrjFs 

A pair of "and" gates 1002 and 1C04, and an "or" gate 
1006 are connected to an emitter follower (FO in the 
manner illustrated in FIGURE 17 and in accordauce with 
the following logic equation: 

fi=Io.'8oi+Td.Sol 

The input terminals ig, si of the flip-flop (S5) have the 
following "and" gates and "or" gates associated v/ith 
them, these gates being designated as 1008, 1010, 1812, 
1014, 1016 and 1018. The gates are interconnected in 
a logic circuitry in accordance with the following equa- 
tions: 

S5=Ki.Tl2.K3 (P9-F13) +/O.F5 

Si=Kl.'K2.K3.Fi.T5.Tr+To.FS 

The accumulator register (A) of FIGURE 10 is set 
out in more detail in FIGURE 18. As noted above, this 
register includes a channel on the magnetic drum 662, 
and it also includes the write amplifier 516, and the read 
amplifier 608. The accumulator register also includes 
the flip-flops Ao, Ai, Di and the carry flip-flop (Ca). It 
also time shares the flip-flops (SI) and (Kc) as noted. 
The logic associated with the latter flip-flops will be de- 
scribed elsev/here herein. The flip-flop (Ar) is included 
to shape the pulses fed into the logic circuitry associated 
with the write amplifier 616. The channel on the mag- 
netic drum 662 provides a 24-bit delay, and the flip-flop 
Ai provides an additional bit delay. Therefore, the ac- 
cumulator register (A) is capable of circulating a 25-bit 
computer word. 

The accumulator register (A) includes an emitter fol- 
lower (Fa) and an emitter follower (Til). An "or" gate 
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1010 is connected to the follower (Fa) and a pair of 
"and" gates lOlJ and 1614 are connected to the "or" 
gate 1010. An "or" gate 1016 is connected to the follower 
(Fa), and a pair of "and" gates 1018 and 1020 are con- 
nected to the "or" gate 1016. The illustrated components 
associated with the emitter follows (Fa) and (Fo) are 
connected in accordance with the following logic equa- 
tions: 

~^=(,Ca.Ai+'Ca.Ai) 

The write amplifier 616 has a first input terminal desig- 
nated flo> and it has a second input terminal designated 
»„. An input pulse to the terminal a^ causes the flip-flop 
(Ao) to be triggered true after an interval of 23-bit times. 
Likewise, an input to the terminal (Oq causes the flip-flop 
(Ao) to be triggered false after the 23-bit interval. A 
plurality of "and" gates and "or" gates 1022, 1024, 1026, 
1028, 1030 and 1032 are associated with the input termi- 
nal (Qo) of the write amphfier 616. A plurality of "and" 
gates and "or" gates 1034, 1036, 1038, 1040, 1042 and 1044 
are associated with the input terminal a„ of the write 
amplifier 616. These logic components are connected in 
accordance with following logic equations: 

ao=G(Fa.TO-i-ra.Di)U/4-E/.L 
Oo= (U+Fa.Di+TaM)'^f-\-Ei.L 

A plurality of "and" gates and "or" gates 1046, 1048, 
1050, 1052, 1054, 1056, 1058 and 1060 are associated 
with the input terminal {a^) of the flip-flop (Ai). Like- 
wise a plurality of "and" states and "or" cates 1062, 1064, 
1066, 1068, 1070, 1072, 1074, 1076, 1078, 1080, 1082, 
1084 and 1086 are associated with the input terminal 
(ffi) of the flip-flop (A;). These "and" gates and "or" 
gates are interconnected in the illustrated logic sequence, 
and in accordance with the following equations: 

+'E2{K\miRo:K3+Si:pM.KZ'\} 
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ai='Ko[Kl+K\.0).+K\.02-\ 

+'K2{Kim['RoZ3,-\-Ki{m+P2A-[^-K\m) 

The flip-flop (DO has its input terminal di connected 
to a plurality of "and" gates and "or" gates 1150, 1152, 
1154, 1156, 1158, 1160, 1162, 1164, 1166, 1168, 1170, 
1172, 1174 and 1176. Likewise, a plurality of "and" 
gates and "or" gates 1178, 1180, 1182, 1184, 1186, 1188, 
1190, 1192, 1194, 1196, 1198, 1200, 1202, 1204 and 1206 
are associated with the input terminal 1^ of that flip-flop. 
The gates associated with the input terminals d^ and 3i of 
the flip-flop (Di ) are connected in accordance with the fol- 
lowing logic equations: 

di^KL(Kl.Moyim(7)2-\-Kc) 

+ADm.O-i]JrK\(02iS2.K'i 

-[-Do:Kzl-\-Dol^c.m:po+Ao.K■i.o2.o^i.s^) 

ai=K2-\-Kl(Moy+1.o.03-\-K\y6Z[Bo.l'Q+KcJ 

-|-TJ2[X3.^24-Z3 (P0-t-P24.ieo) ] -i-/lo.02.03 

The carry flip-flop (Ca) has a plurality of "and" gates 
and "or" gates 1090, 1092, 1094, 1096, 1098, 1100, 1102, 
1104, and 1106 associated with its input terminal c^. 
This flip-flop has a plurality of "and"' gates and "or" 
gates 1108, 1110, 1112, 1114 and 1116 associated with its 
input terminal 0^. The gates are interconnected in ac- 
cordance with the following logic equations, and as illus- 
trated in FIGURE 18: 

Ca=P24{ZI.ZS.0 1 (M.03 Moy.PO 70 

-{-KcAilTi) +Kc3:i.DiiK\-{-m ) -f Zc.^/JDi} 
c^=PlA+EJ:KS.O\.Kc3ri.Di 

+Kc.AilTi{Kl -t- Ol) +Kc:rtJri 

The logic circuitry of the multiplicand and divisor reg- 
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ister (D) of FIGURE 10 is shown in FIGURE 19. This 
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register incorporates a channel on the magnetic drum 662, 
as described above (FIGURE 7), and this channel pro- 
vides a 24-bit delay for the register. 

The write amplifier 620 has its first input terminal d^ 
connected to a logic control circuit. This logic circuit 
includes a plurality of "and" networks and "or" networks 
1120, 1132, 1124, 1126, 1128, 1130, 1132 and 1134. 

Similarly, the input terminal d^ of the write amplifier is 
associated with a plurality of "and" gates and "or" gates 
1136, 1138, 1140, 1142, 1144, 1146, 1148 and 1150. 

The logic control circuitry associated with the write 
amplifier 620 is shown in FIGURE 19, and that circuitry 
functions in accordance with the following logic equa- 
tions: 

da=K2.Kl lS2(O3+P0)+O3.DoJ>0-i+KlMoy+Ef.Io 
do='E2.KlimiO3+P0)+m.'no.70-i+'Kl.Moy+Eflo 

The multiplier and quotient register (R) of FIGURE 
12 is set out in more detail in FIGURE 20. As described 
in conjunction with FIGURE 7, this register includes a 
channel on the magnetic drum 662. This channel pro- 
vides a 25-bit delay, so that a 25-bit computer word may 
be circulated through the register and through the flip- 
flop (Ro). 

The vjiite amplifier 622 has a plurality of "and" gates 
and "or" gates 1210, 1212, 1214, 1216, 1218, 1220, 1222 
and 1224 associated with its input terminal Tq. TTiis am- 
plifier has a further plurality of "or" gates and "and" 
gates 1228, 1230, 1232, 1234, 1236, 1238 and 1240 asso- 
ciated with its input terminal Fq. 

The "and" gates associated with the amplifier 662 are 
connected in the logic circuit illustrated in FIGURE 20 
and in accordance with the following equations: 

'■o='K2^1{S3.PM+OJ(S3+M.Ro)}+'KlM.K3 
r^={Ki.03{P24+Si)+Ki.'Ei+03.SHS4+Tlo)-]'E2 

The instruction register (I) of FIGURE 8 is illustrated 
in FIGURE 21. As described in conjunction with FIG- 
URE 7, this register includes a channel on the magnetic 
drum 662. The channel on the drum provides a 25-bit 
delay, so that a 25-bit word may be circulated through 
the register, and through a recirculating path including 
the flip-flop (lo). 

The input terminal ig of the write amplifier 618 has a 
plurality of "or" gates and "and" gates 1250, 1252, 1254, 
1256, 1258, 1260 and 1262 associated with it. The input 
terminal !„ of the write amplifier 618 has a plurality of 
"and" gates 1264, 1266, 1268, 1270 and 1272, and a pair 
of "or" gates 1274 and 1276 associated with it. The 
"and" gates and "or" gates associated with the write am- 
plifier 618 are connected in accordance with the follow- 
ing logic equations: 

i^=Kl.m.Moy+{L(Kl-\-K3)lo+T.E.}'Ef+RJ 
'ia={T.'E.+Kl.K3.'Moy+LCFl+K3.m)7o}'EF 

The logic associated with the output comparator flip- 
flop (Cc) is shown in FIGURE 22. A plurality of "and" 
gates and "or" gates 1280, 1282, 1284 and 1286 are con- 
nected to the input terminal Cc of the flip-flop in the man- 
ner illustrated in FIGURE 22. TTiese gates receive inputs 
in accordance with the following logic equation: 

c<:=Wl .W2.W3 (Mf>A:.ir«-f]i7oi.M«) 

In like manner, an "and" gate 1288 is connected to the 
input terminal o^ of the flip-flop (Cc), and an "or" gate 
1290 is connected to the "and" gate. Tlie input terms of 
the latter gates are in accord with the following logic 
equation: 

~c^=WlW2.P24iW3+Cn) 

The logic circuitry associated with the output carry 
flip-flop (Cn) of FIGURE 10 is set out in FIGURE 23. 
This flip-flop has a plurality of "and" gates and "or" gates 
1300, 1302, 1304, 1306, 1308, 1310 and 1312 connected 
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to its input terminal c^. The flip-flop (Ck) has a plurality 
of "or" gates and "and" gates 1314, 1316, 1318, 1320, 
1322, 1324, 1326, 1328, 1330 and 1332 connected to its 
input terminal c^. The "and" gates and "or" gates re- 
ferred to above receive input terms in accordance with 
the following logic equation: 

c^:=W3.lVl{W2lMoxMn+PQ.Mox.Iln]+W2.Ts.P0.1i2} 
c,-,==(W3 + Vc.Wl)P24.W2 

+ W2.V/3 {Mo.r.IIn +P0 [jWar.M/i+TFl ] } 

The input terms to the write amplifier 604 of FIG- 
URE 7 are set out in FIGURE 24. As mentioned in 
conjunction with FIGURE 7, this amplifier is associated 
with the temporary storage channel (Mov) of the mag- 
netic drum 662. A plurality of "and" gates and "or" 
gates 1340, 1342 and 1344 are connected to the input ter- 
minal ntov of the write amplifier 604. Likewise, a plu- 
rality of "and" gates 1346, 1348 and 1350 are connected 
to the input terminals to,,, of the amplifier. These "and" 
gates and "or" gates receive input terms in accordance with 
the following logic equations: 

moy=Jl2.02.03.Ao.'S4.Sl + Wi.W2.1V^.ini 
moy=K2.02m.'Jo.'S4.Sl + V/l.W2.WS.TIn 

The logic associated with the write amplifier 606 of 
FIGURE 7 is set out in FIGURE 25. As mentioned 
previously, this amplifier is coupled to the temporary 
storage channel (Moz) of the magnetic drum channel 
662. A plurality of "and" gates 1360, 1362 and 1364 
are connected to an "or" gate 1366 which, in turn, is 
connected to the input terminal moz of the write amplifier 
606. Likewise, a pair of "and" gates 1368 and 1370 are 
connected to an "or" gate 1372 which, in turn, is con- 
nected to the input terminal liloz of the amplifier 606. 
The "and" gates receive input terms in accordance with 
the following logic equations; 

mo~^='K2.02.Q3.AoM.S3+Mn.Wl.W2.W3 

+ Wl.W2.W3.W4.W5.W6.Mn 

m„^='K2m.03.1o.'E4.S3+Mn.Wl.W2.F/3 

The logic associated with the write amplifier 602 of 
FIGURE 7 is illustrated in FIGURE 26. This latter 
amplier was described in conjunction with FIGURE 7 
as being coupled to the temporary storage channel (Moj:) 
of the magnetic drum 662. A pair of "and" gates 1380 
and 1382 are connected to an "or" gate 1384 which, in 
turn, is connected to an "and" gate 1386. The "and" 
gate 1386, and a pair of additional "and" gates 1388 
and 1390, are connected to an "or" gate 1392. The "or" 
gate 1392 is connected to the input terminal mox of the 
write amplifier 602. 

Likewise, a pair of "and" gates 1394 and 1396 are 
connected to an "or" gate 1398. The "or" gate 1393 is 
connected to an "and" gate 14G0. The "and" gate 1490, 
and a pair of "and" gates 1402 and 1404 are connected 
to an "or" gate 1406. The "or" gate 1406 is connected 
to the input terminal (niox) of the write amplifier 602. 
The input terminals terms to the "and" gates may be 
expressed by the following logic equations: 

mox=3r2.^o.«4.52.02.03-f £•/.(? 

+{W2.Wl.iy3(CnJlox+TJH.Mox}Ilf 

m^y,=:K2.02.G3.'Zo.'E4.S2+'Wl.W2.W3.'Bf{C?i.Mox 

+On.'Mox)+Md.Ef 

The time standard flip-flop (Ti) of FIGURE 10 is 
again illustrated in FIGURE 27. The flip-flop includes 
a term Ys which is introduced to its input terminal /;,. An 
"and" gate 1410 is connected to the other input terminal 
7b of the flip-flop. The terms Cn, P24, W3, \V2 and Wl 
are all introduced to the "and" gate 1410. 

The input-output flip-flop (Mn) of FIGURE 10 is con- 
nected in the manner illustrated in FIGURE 28 to a first 
set of blushes designated Bi-Bjs of an analog- to-digital 
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converter incorporated in the system, and to a second set 
of brushes designated B*i-B*i5 of that converter. This 
converter may be of the dual-brush, non-ambiguous type 
described in co-pending application Serial No. 836,537, 

5 filed Aug. 27, 1959, or any other suitable type of analog- 
to-digital converter may be used. The flip-flop (Mn) has a 
plurality of "and" gates and "or" gates 1420, 1422, 1424, 
1436, 142S, 1430, 1432, 1434, 1436, 1438, 1440, 1442, 
1444, 1446, 144S. 1450, 1452, 1454, 1456, 1458, 1460, 

10 1462, 1464, 1466, 1468, 1470, 1472, 1474, 1476, 1478, 
1480, 14S1, 1484 1486 and 1488 associated with its input 
terminal .-r.'n. Ihese "and" gates and "or" gates are con- 
nected in tlis manner shown in FIGURE 28, and they 
receive input terms in accordance with the following 

15 logic equation: 

,;,'„=f4{J5[T3(i3*;Il.T2-fi3*ioT1.3^-fB*9.TT.r2 
+B''s.Tl.T2}+rri.B*i2'l+T!iiT3(B*^.'Tl.T2 
■+8*i.Tl.T2+3*s-'^'-i.T2+B*2.Tl.T2) 
20 -i-ro(B*7.TI-fB*g.n)]}-fr4.T5{r3(B*i5.Tl.Tl 

+B*ii.Tl.T2 + Tl.T2.B*^^)-\-T2.TE(B*i.Tl+B*o.Tl)} 

In like manner, the following "and" gates and "or" 
gates are associated with the input terminal nia of the 

25 flip-flop (M.'i: 1500, 1502, 1504, 1506, 1508, 1510, 
1512, 1514, 1516, 1513, 1520, 1522, 1524, 1526, 1528, 
1S30, 1532, 1534, 1536, 1538, 1540, 1542, 1544, 
1S46, 1548, ISSO, 15S2, 1554, 1556, 1558, 1560, 1562, 
1564 and 1566. The latter group of "and" gates and 

30 "or" gates receive input terms in accordance with the fol- 
lowing logic equation: 

S?a=74{r5[r3(Sll.TT.T5-}-F10.ri.T2-fB9.TT.r2 
+Ba.Tl.r2}-'rTS.Bn] + T5lT3{B5.fI.T2+B4.Tl.T2. 
35 -fJ53.ri.r2-l-B2.ri.r2)-fT3(B7.Tl-fS6.n)]} 

H-T4.r5{3''2.r3(B14.TH-ri.BB) 

+1^M(BI.T1+BQ.T1)}+P0 

A block schematic diagram showing the control and 

40 memory units of the computer is illustrated in FIGURE 
29. The composition of a typical instruction is illustrated 
in FIGUi^E 30. The instruction includes an alpha sec- 
tor number (P8-P3) and an alpha track number (PI3- 
P9) which are used to specify the address of the next in- 

4.,') struction. The instruction also includes a beta sector 
number P24-P19 and a beta track number P18-P14 
which are used to specify the address of the operand. 
The bit times at which the alpha track number and the 
alpha sector number, and the bit times at which the beta 

50 track number and the beta sector number appear in a 
typical insiruction are shown in FIGURE 30. The in- 
struction also includes at the three least significant bit 
positions P2~P0 the order number. This order number 
appears in the flip-flops 01, 02 and 03 of the order 

55 register 14 of the FIGURE 30, and the resulting configu- 
ration of these flip-flops specifies the types of operation 
to be perform.ed in accordance with the order code of 
FIGURE 31. 

In the schematic diagram of FIGURE 29, the control 

CO unit is shown as including the instruction register 12 
(flip-flop lo) the coincidence detector 20 (flip-flop Kc), 
the control flip-flops 22 (Kl, K2 and K3), and the order 
register 14 (flip-flops Ol, 02 and 03). A gate 1606 is 
iiiSerposed between the instruction register 12 and the 

05 coincidence detector 20. 

The memory unit is illustrated in FIGURE 29 as in- 
cluding the track selector register 700 (flip-flops S1-S5). 
The seieciion matrix 16, the magnetic memory drum 662, 
the read amphfier 624, and its associated flip-flop (So/). 

70 The (Moy) flip-flop of the magnetic memory drum 66'2 
introduces its output signals to a pair of gates 1600 and 
16J)2. These gates are under the control of the control 
flip-flops (Kl, K2 and K3) in the block 22. The gate 
loiJO is connected to the instruction register 12 and to the 

75 order register 14. The gate 1602, on the other hand, 
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introduces its output to the arithmetic unit. The arith- It should be noted that when the computer is first placed 

metic unit includes the registers A, D and R. i„ operation, the instruction register is cleared so that 

In a manner to be described, the gate 1600 is controlled each of its positions exhibits a "1" numeral This causes 

by the control fl.p-flops Kl , K2 and K3 in the block 22 to the track address set up in the track selector register 700 

cause successive instructions to be read into the instruc- g and the sector address introduced to the coincidence de- 

tion register 12. As the instructions are read into the lector 20 to be such that the first instruction will always 

instruction register, they are concurrently shifted through be found in sector of (Moy) channel 31 

the order register 14. At the completion of the instruc- (2) The second phase of the computer' is, as noted 

tion read-in operation, the last three digits (corresponding above, the "instruction read-in phase (Ir) " During the 

i°JLZ ^°f' u !f K^'fJ" *^' order register. The lo instruction read-in phase, the next instruction is read from 

gate 1604 IS controlled by the control flip-flops 22 so that the selected (Moy) track and sector of the magnetic 

the track address of each instruction to be executed may memory drum 662 through the gate 1600 of FIGURE 29 

be fed from the mstruction register 12 to the track selector into the instruction register 12 When coincidence is 

register 700 m the memory unit. This latter register achieved by the detector 20 in the (W.) phase, the control 

causes the selection matrix 16 to select a particular track 15 flip-flop (Kl) is triggered true, as shown in FIGURE 32 

or channel from the (Moy) group on the magnetic mem- This causes the control flip-flops to have a Kl K2 K3 

^'^^r„'^,» /««.; .1, . ,. . configuration for this phase. When this occurs, the gate 

The gate 1606 passes the sector numbers to the coin- 1600 of FIGURE 29 becomes conductive for one word 

cdence detector 20, so that the sector numbers from each time to permit the next instruction to be read into S 

TrZVh°%"'Z V°"'Fu'^^ "^'^ ^^^ '*'='*" """''"' ^^ instruction register 12. The instruction also shifts through 
from the (Sot) track on the magnetic memory drum 662. the flip-flops OI, 02 and 03 of the order register 14 as 
This will be dMcribed m more detail subsequently. mentioned previously, and in the end of the (I^) nhase 

icJ IT. t?u 'If TSf '' ^l *^ '°"*''°' ^^-^"P' *^1> *^ ^^'^ ^^'^^ *1'8"^ P2-P0' corresponding to the orde; 

K2 and K3 of the b ock 22 so that selected operands may code remain in that register. The new instruction now 

be passed to the arithmetic unit. The order register 14 25 circulates in the instruction register (I)! Indk continued 

then specifies the operations to be performed on these to circulate until the next time that an ikstmc on readfn 

operands in the arithmetic unit. phase (Ir) occurs instruction read-in 

TTie instrucdon code that may typically be used in the (3) The third phase of the computer is the "wait for 

lT'^11 h7Li Vr'""'"' '' •""'''"?''' in FIGURE 31. beta" (W^) phase. For this latter pha e the coLro 

FIG RF%Tfht r ,'" '''^"'>"^t'°" «.f the table in 30 flip.fl ^,, ^^^ ^^ ^ j^ configuration (FIGURE 

FIGURE 31 that the top seven instructions are com- 32). This causes the eate 16(14 of mrTiPcoo.u 

pletely under the control of the three flip^ops 01, 02 conductive for P18 P14 dmfLl fVi, • ^ ^° -^^ 

?sf) °tL"nor^ rr "^^r • I'' '''''''' ^"^'^"^''°" '' ^'^^ in thrin^ructio 'regsTer 1°/ ^^1" ^n" 

Ol mm fi^ T ^^''f',^"^ V' ^^^?"««d "P°n ^" « ^-lables the track number in that instruction t'o set the 

Ol 02.03 configuration of the order register flip-flops, ^5 fljp.flop ,-„ ^^^ ^ j^ selector reoki/r 7ftft t o !. T 

and when the track selector flip-flop (S4) is set to zero! tion co^rrespond ng to he t^ack If the drum 662 ?n w\"?h 

For this instruction, and for an additional five instructions, the desired operand occurs 

the track selector flip-flops are used to obtain an additional Then, the P24-P19 digit time of each wnrrf fm^ „f 

TTie modified store orders are carried out when the beta !L totfcto^nimSn ^l^ZioZLT—S:! 

iSfof FTcURF^fi ^tfT'T 'V''''' ".^ ''« ''"^ T"^ *^ ^^^'^'^ numbe'fn th^T." LnLTTS 
1604 of FIGURE 29 to the track selector register. For drum. When equality is reached the control ffin flon 
other instructions, this normally would cause an operand .. (Kc) is triggered false, the gate 1602 is Tendered con 
to be passed by the gate 1602 to the arithmetic unit. How- *^ ductive; and the computer normally enters')^ first worci 
ever, for the modified store instruction, the track selector Phase (Fh-) (FIGURE 32) for the following wordTtoe 
register completes an overall configuration with the order during which the selected operand is read into the arith 
register so that the specified modified store orders may be metic unit. ^"t*^" 

earned out. ITiere are several exceptions to the normal operation 

mere are seven different phases which may occur in the «'* *e computer described immediately above For ex 
computer of the invention. However, these seven phases »"PlS' wl»en the operation specified is a conditional trans- 
do not ail occur for any one operation. The normal se- '^l '^7"^ (FIGURE 31) the (Wb) phase returns to the 
quence m which the phase occurs is as follows: ^^a) phase at P24 digit time if the contents of the ac 

(1) The wait alpha phase (W^) during which a search gs oumulator register (A) are negative. Otherwise the beta 
is made for the next instrurtion and for which the eoBtroI address specifies the address of the next instruction 
flip-flops, are set to the K1.K2.K3 configuration (FIG- ''ather than the address of an operand. 
URE32). When these flip-flops are in this configuration tr "^^"^ exception is for a normal store order (Sr) 

the gate 1604 of FIGURE 29 is opened from P13 to P9 . /^' ** ^^^^ address of the instruction being executed 

digit times. This enables the flip-flops S1-S5 of the track 60 -^l specifies where the contents of the accumulator 
selector register 700 to be set to a configuration corre- ''^^^-l^'j^^ ^^^ '° ^^ ^^°^^^ '" *e memory. For the 
spending to the alpha track number in the instruction "^^dihed store orders, the beta address further specifies 
circulating in the instruction register 12. This as noted ^"L^"tu ^^'^^^^'^ operations which will be explained, 
above, is the track number of the next instruction a ,V^\ lusher phase of the computer is the "first 

Then, the gate 1606 is opened from Pg to P3 digit times es T i ' V^**' ^* mentioned above. To enter this 
for each word time of the instruction circulatins in the ?^^,^f from the third phase (Wb), the control flip-flop 
instruction register, so that the alpha sector number in il2 " *"S«"^''. ^^^^ (FIGURE 32). This occurs 
the instrucdon circulating in the instruction register mav ^n k f ^''^f '"y '« reached at the coincidence detector 
be compared in the coincidence detector 20 with the sector .L . J^'^^t, °^^^ '^?'°'' """nber in the instrucdon 
numbers on the (Sot) channel of the memory dnim 662 70 "rculatmg through the instrucdon register 12 and the 
When coincidence occurs, the coincidenc? flfp-Zp (S ' f'Z'^^^'"^ ™'"^^°\*'= ^^'^ ''^'^ °" '^' '"^B»-«« 
causes the control flip-flop (Kl) to be triggered Uue so i?Z.^7' '' "'^"'^ f °^'' **"" ^^*^ ""^ of FIGURE 
that the computer enters its next phase fof an interva" lL7f^LLZ\ """f^^ *™' '"'*. '^' ''^''''^ ^P^^^"'* 
corresponding to the following sector on the drum S uniT C on3 "TT ''™™ '° *^ '"^-^^^^^ 
is the "instruction read-in (Ir) phase." 75 chfnnel^nf T/7 ""^ ^-f ^'"''V °"? °' «i« (M<'y) 

^ ^' channels of the drum, or it may be from one of the 
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(Mox, Mov, Moz) channels, as selected by the read 
amplifier 204 in FIGURE 7 under the control of the 
selection matrix 16. The amplifier is controlled by the 
selection matrix in the manner described, and the selec- 
tion matrix is controlled by the flip-flops in the track 5 
selector register 700. 

When the selected operand is read in to the arithmetic 
•unit during the (Fiv) phase, an operation is performed 
on it during this phase. This operation is detected by 
the configuration the flip-flops Ol, 02, and 03 in the lo 
order register 14, and in accordance with the order code 
of FIGURE 31. For the At (clear and transfer), Su 
(subtract) Ad (add), Ex (extract) and Sr (normal store) 
instructions, the operation is completed in this phase. In 
the Ma (multiplication) instruction, the multiplicand is 15 
read into the (D) register and the first step of the mul- 
tiplication is completed, with the result being placed in 
the accumulator register (A) in this phase (Fiv). In 
the Dv (division) instruction, the divisor is read into the 
(D) register during the (Fiv) phase, and the (R) register 20 
is cleared to during this phase. Nothing occurs dur- 
ing the first word (F)i') phase for the modified store orders. 

(5) The fifth phase of operation is the "additional 
words" (Aiv) phase. The flip-flops Kl, K2 and K3 
are set to the K1.K2.K3 configuration (FIGURE 32) 25 
for this phase. In this latter phase, the division is com- 
pleted and all but the last step of multiplication is com- 
pleted. Moreover, the special operations of the modiiied 
store order (FIGURE 31) are completed in this phase. 

(6) The sixth phase is the last word (Ltv) phase. The 30 
control flip-flops Kl, K2 and K3 are set to the K1.K2.K3 
configuration (FIGURE 32). For this phase, multipli- 
cation is completed and the quotient is transferred from 
the (R) register to the (A) register for division. The 
relay-set signals, to be described, are still "on" in this 35 
phase. 

(7) The seventh phase is the "stop" (Sp) phase. In 
this phase, the control flip-flops Kl, K2 and K3 are set 
to the K1.K2.K3 configuration (FIGURE 32). For the 
latter phase, all computing is terminated, and the com- 40 
puter is turned "off" if the control switch is in the "off" 
position. 

The configurations of the control flip-flops Kl, K2 and 
K3 in the block 22 for the seven different computer 
phases, and the possible sequences of the phases, are 45 
represented by the diagram of FIGURE 32. As described 
above, the "wait alpha" phase (Wa) is represented by 
the configuration K1.K2.K3; the "instruction read-in" 
phase (Ir) is represented by the configuration K1.K2.K3; ^. 
the "wait beta" phase (VVb) is designated by the con- 
figuration Kl.K2.K3; the "first word" phase (Fw) is 
represented by the configuration K1.K2; the "additional 
words" phase (Aw) is represented by the configuration 
K1.K2.K3; the "last word" phase (Lw) is represented 55 
by the configuration K1.K2.K3; and the "stop" phase 
(Sp) is represented by the configuration K1.K2.K3. For 
the "first word" phase (Fiv) only the flip-flops Kl and 
K2 are used, as the flip-flop K3 is used during this phase 
in the accumulator register (A) to delay the feed of the go 
flip-flop (Ao) of the accumulator register into the (R) 
register during the first word of a multiplication instruc- 
tion. 

The transition from the "wait alpha" (Wa) phase to 
the "instruction read-in" (Ir) phase occurs at the end ^5 
of the word time at which the alpha sector address in the 
instruction register 12 is equal to the number on the sec- 
tor address channel (Sot). This is shown by the fact 
that the coincidence flip-flop (Kc) in the coincidence 
detector 20 is still high at PO digit time. During the 70 
digit times (P18-P9) inclusive, of the "wait alpha" (Wa) 
phase, the alpha track number of the instruction in the 
instruction register is read into the track selector flip- 
flops (S1-S5) of the track selector register 700 of the 
FIGURE 29, as described above. This causes the selec- 75 



tion of matrix 16 to select the desured (Moy) channel 
of the magnetic memory 662 for the next instruction, so 
that the instruction can be read from the selected sector 
of that channel into the instruction register 12 through 
the gate 1600 during the (Ir) phase. 

The alpha track number is placed ahead of the alpha 
sector number in the instruction (FIGURE 30), so as to 
provide the channel selection matrix 16 of FIGURE 29 
with more time to switch into circuit the read hsad asso- 
ciated with the desired track of the magnetic memory 
drum 662. The beta track number is also read into the 
track selector flip-flops of the register 7C0 during the 
(Wa) phase. However, this latter number is shifted out 
during the digit times P13-P9 as the alpha track number 
is read in, and the alpha track number remains in the 
track sslector register 700 for this phase. 

During the (Ir) phase, the next instruction is read into 
the instruction register 12, as described above, and its 
last three digits P2, PI and PO (which contain the order 
code) are read into the flip-flops Ol, 02 and 03 of the 
order register 14 of FIGURE 29. The instruction is read 
into these registers in one word time, so ihat the (Ir) 
phase proceeds to the (Wb) phase at the end of one word 
time. 

The (Wb) phase returns to the (Wa) phase for the 
conditional transfer order (Tc) (FIGURE 31) if die 
contents of the accumulator register (A) is negative. 
This latter sequence occurs at P24 digit time if the fl.'p- 
flop (Ai) is true. So that, if the accumulator register 
(A) contains a negative number, the (Wb) phase lasts for 
only one bit time with a (Tc) order. The comparison of 
the beta address is started during this operation, but since 
the control returns to the (Wa) phase before the alpha 
address occurs, it does not affect this operation. As noted 
above, the previous contents of the track selector register 
700 are shifted out of that register during (P13-P9) 
digit times as the alpha address is read into register. This 
is the only circumstance under which the phase of the 
computer changes at a time other than PO digit time. 

The "wait beta" (Wg) phase of the computer returns 
to the "instruction read-in" (Ir) phase for a conditional 
transfer (Tc) operation at the end of the word in wh cb 
the data address in the instruction compares with the 
sector address channel number. This is indicated by the 
ilip-flop (K6) being true at the end of the word. During 
the digit times (P18-P14) the contents of the instruction 
register 12 are read into the track selector flip-flops 
(S1-S5) of the register 700 so that the next instruction 
is read from the track and sector spjcified by the beta ad- 
dress of the instruction circulating in the instruction reg- 
ister. 

The "wait beta" (Wb) phase of the computer goes to 
the 'first word" (Fw) phase for all instructions except 
the conditional transfer instruction (Tc), and this occurs 
at the end of the word in which the beta address sector 
number of the instruction compares in the coincidence 
detector 20 with the sector address channel number 
(Sot). This again is signified by the flipflip (Kc) in 
the coincidence detector being true at PO digit time. The 
track selector flip-flops are set during the (P18-P14) 
digit times. 

The "first word" (Fw) phase lasts for one word time 
only, and the computer returns to the "wait alpha" (Wa) 
phase at the end of the following instructions: Ad, At, 
Su, Ex, and normal Sr (see table of FIGURE 31). 

As will be explained, a normal store order (Sr) is 
specified by a in the fourth digit of the beta track num- 
ber in the instruction circulating in the instruction resis- 
ter, this bsing contained in the flip-flop (S4) during the 
"first word" (Fiv) phase. The "first word" (Fiv) phase 
of the computer goes to the "additional words" (Aw) 
phase at the end of one word time for the following 
orders: Mit, Dv and modified Sr (see table of FIGURE 
53). A modified store order is specified by a 1 in the 
fourth digit of the beta track number in the instruction 
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circu'ating in the instruction register, which is contained in 
the flip-flop S4 during the "first word" (Fw) phase. 

The "additional words" (Aw) phase of the computer 
goes to the "stop" (Sp) phase on certain ones of the 
modilied store orders (SI and Sr), these being denoted 
by a given track number with a store order code as shown 
by the table of FIGURE 31. The "additional words" 
(A»') phase of the computer goes to the "last word" 
(Lie) phase, for all the modified store orders except the 
special stop orders, at the end of the word time specified 
by the alpha sector address contained in the instruction 
circulating in the instruction register. 

The arithmetic section of the co.iiputer is made up of 
three one-word reciiculat ng registers A, D and R, two 
delay flip-flops (A/) and (DO. and a serial adder with a 
carry fiip-flop (Ca), as described above. Some of the 
control flp-flops Kl, K2 and K3, and some of ihe track 
seleitor flip-flops S1-S5 are also used in the arithmetic 
section of a time shared basis, as will be described. 

The accumulator register (A) of FIGURE 18 stores 
the results of all operations performed by the adder in- 
cluded in the logic associated with the write amplifier 
616 of FIGURE 18. Therefore, the accumulator register 
conta'n; at the end of the "first word" phase (Fw) the 
re uits of the following instructions: Ad, Sm, At, and Ex; 
these instructions b:ing listed in the tab'e of FIGURE 31. 
In m-;ltiplication, the accumulator register (A) stores 
the sum of a!! partial product terms which have been 
ge'ierated during the operation, so that when the multipli- 
cation opBration is comp'eted, the product is contained in 
the (A) register. In divi"ion, the dividend is in tha ac- 
cumulator register (A) at the bednning of the operation, 
ani during the "additi-nal words" pha^e (Aw) this reg- 
ister contains the rema'nder at the end of each step; finally, 
during the "last wo'd" (Lw) phase the quotient is trans- 
ferred to the accumulator register (A) from the multi- 
plier register (R). 

As mentioned above, the accumulator register (A) 
includes twenty-four binary bits on the magnetic drum 
662 itself and one bit in the A; flip-flop, so that one com- 
puter v/ord may be circulated in the register. The ac- 
cumulator register (A) recirculates its contents through 
the adder through all phases and operations which do 
not generate a new result. 

The muhiplioand and divisor register (D) of the 
FIGURE 19 is twenty-four bits long on the magnetic 
drum, and it is used to store the multiplicand during the 
multiplication operation {Mil), or the divisor during the 
division operation (Dv). Recirculation in this register 
is obtained by using the track selector flip-flop (S2) for 
these two operations. The register (D) is filled during 
the "first word" (Fw) phase of the computer and re- 
circulated during the "additional words" (Aw) phase for 
these operations. 

The multiplier and quotient register (R) of FIGURE 
20 is twenty-four bits long on the magnetic drum, and 
it is used to store the multiplier during the multiplication 
operation, or the quotient during the division operation. 
Duriu'? the "first word" (Fw) phase of the multiplica- 
tion instruction, the multiplier is transferred from the 
accumulator register (A) through the control flip-flop 
(K3). This is^the only time that the flip-flop (K3) is 
time shared in the arithmetic section. During the "addi- 
tional words" (Aw) phase of the multiplication instruc- 
tion, the multiplier and quotient register (R) recirculates 
its contents through two of the track selector flip-flops, 
namely, the flip-flops (S3) and (S4). This causes the 
multiplier to shift left one bit per word so that the next 
multiplier digit is available at the proper time. 

During the "first word" (Fw) phase of the division 
(Dv) instruction, the multiplier and quotient register 
(R) is cleared to "0." Then, during the "additional 
words" (Alt') phase it receives a "1" at (P24) digit time 
and it retains the O's at each bit position from (P 23) 
through (PI) digit time. At (PO) digit time, the conr 



tents of the register (R) again receives a "1." This lat- 
ter "1" acts as an index digit to tell when to write the 
quotient digit into the register (R). 
Two track selector flip-flops, namely the. flip-flops S3 

5 and S4, are used to recirculate the previous quotient digits 
in the multiplier and quotient register (R) and to con- 
trol the insertion of the new quotient digit. The flip- 
flop (S3) is now used to delay the quotient digits one bit 
to make the register (R) look like a twenty-five bit 

10 word. This keeps the quotient from shifting so that each 
digit remains in the position where it was inserted. By 
doing this it is possible to terminate the operation at 
any time and have the quotient in the proper position for 
storage in the memory. 

15 The O's preceding the index digit and the index digit 
are recirculated without delay in the register (R) so that 
the index digit shifts one bit to the right for each word. 
This shifting index digit then tells where to insert the 
quotient digit. The flip-flop (S4) is used as a control to 

20 sense the index digit and control whether the output from 
the flip-flop (Ro) is to he recorded or if the output from 
the flip-flop (S3) is to be recorded. The flip-flop (S4) is 
triggered false at P24 digit time, and it is triggered true 
by the index digit. The index digit causes the quotient 

25 digit to be copied from the coincidence flip-flop (Kc) into 
the flip-flop (S3) so that it will be recorded into the 
multiplier and quotient register (R). After the flip- 
flop (S4) is set true, the flip-flop (S3) copies the output 
from the flip-flop (Ro) to recirculate the previous quotient 

30 digits in the register (R). This process continues from 
the second word time of the "additional words" phase 
through the remaining word times of that phase. During 
the "last word" (Lw) phase of the division instruction, 
the quotient is transferred to the accumulator register 

35 (A) along with a final correction term with proper 
rounding of the quotient. 

The components and connections required to execute 
the (At) instruction are shown in FIGURE 33. As 
listed in the table of FIGURE 31, this instruction is ex- 

*" ecuted upon an 0T.02.03 configuration of the order 
register flip-flops. TTie (At) instruction requires that the 
accumulator register (A) be cleared and that the con- 
tents of the designated (Moy) location be transferred 
to the accumulator register. The (At) instruction is 
executed during the "first word" (Fw) phase of the com- 
puter, for which the control flip-flops Kl and K2 have 
the kT.kI configuration. The operation is completed 
in one word time, and the components return to the 
"wait alpha" (Wa) phase at the end of the "first word" 
(Fw) phase, so that a search may be made for the next 
instruction. 

For the instruction (At), the accumulator register is 
cleared of its previous contents by setting the flip-flop 
(A() to all zeros during this operation. The contents of 

55 the selected (Moy) channel and sector are passed through 
the read flip-flop (Moy) to the flip-flop (Di). The out- 
puts of the flip-flops (A/) and (Di) are both read into 
the adder. This causes the contents of the selected 
(Moy) channel and sector to be passed through the adder 

gQ (added to zero) into the accumulator register (A). At 
the end of the word time, the computer returns to the 
"wait-alpha" (Wa) phase and the flip-flop (K2) is trig- 
gered true. This completes the circulating loop from the 
flip-flop (Ao) to the flip-flop (Ai) and the new contents 

gg of the register are circulated. 

As illustrated in FIGURE 33, the read flip-flop (Ao) 
is coupled through the term (K2) to the input terminals 
of the flip-flop (Ai). The output terminals of the Ih'p- 
flip (Ai) are connected to the adder which, in turn, is 
70 connected to the input terminals Ao and Ao of the write 
amplifier 616. 

The selected (Moy) channel on the magnetic drum 

has its contents read through the read amplifier 2M to 

the read flip-flop (Moy). The output terminal Moy of 

75 the flip-flop is coupled by the term kT.K2.02.03 to the 
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input terminal di of the flip-flop (Di). The term Kl 
couples the output terminal Moij to the input terminal 
(7i of tl-e iiip-ilop (Di). The output terminals of the 
flip-flops (AO and (Di) are all connected to the input 
termijials of tiie adder, as mentioned above. 

The carry flip-flop (Ca) is also connected to the adder. 
Ttie term Ko.Af.F24 couples the output terminal Di of 
the flip-flop (Di) to the input terminal c^ of the carry 
flip-flop (Ca). Likewise, the term Kc.Ai couples the 
output terminal DJ of the flip-flop (Di) to the input 
terminal c^ of the carry flip-flop (Ca). The term P24 
is also introduced to the input terminal Ca. 

The term Kl.D/ couples the output terminal K2 of the 
flip-flop (K2) to the input terminal '^ of the flip-flop (Ai). 
The term kI.O1.O5.P0 is introduced to the input terminal 
1x2 of the flip-flop (K2). The term P0.K2 is introduced 
to the input terminal 5^ of the flip-flop (K2). 

The adder introduces the term 
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iAi.m+Ti.Ca)'m+{Ai.Ca+Ti.Ca)Di 

to the input terminal «„ of the write amplifier 616. The 
adder also introduces the term 

{Ai.'Ua.+^i.Ca)Di+(Ai.Ca+17i.7Ja)'Bl 

to the input terminal tJo of the amplifier 616. 

At the end of the wait beta (Wb) phase, the flip-flop 
(K2) is triggered false by the terra P0.K2. This breaks 
the circulating loop of the accumulating register from the 
flip-flop (Ao). At this time the flip-flop (Ai) is false, 
and for the Ai instruction, the term Kl.Dl is true so that 
the flip-flop (Ai) is set to zero during the first word (Fw) 
phase of this operation. 

During the wait beta (Wb) phase, the read amplifier 
214 is controlled to select the desired sector of the desig- 
nated (Moy) channel so that during the first word phase 
(Fiv), the read flip-flop (Moy) passes the selected con- 
tents to the flip-flop (Di). This is accomplished by the *" 
term kT.^.02.03 and the term Kl are both true during 
this phase of the At instruction. 

The flip-flop (Kc) is set false for the first word phase 
(Fw) of the At instruction by the term kT.K2.O2.P0 
which is true at the end of the (Wb) phase. This permits 
the carry flip-flop (Ca) to be set faJse during the first word 
phase of this instruction, by the P24 term, and to remain 
false throughout the phase because the A; term is always 
false. 

Therefore, the contents of the selected (Moy) sector 
and channel are circulated through the adder and added 
to zero and then passed to the write arapUfier 616 to be 
circulated in the aecum.u!ator register. At the end of the 
first word phase (Fw) of this instruction, the flip-flop 
(K2) is triggered true by the term Kl.W.Ol.PO. This 
restores the circulating loop and breaks the connection 
of the flip-flop (Di) from the read flip-flop (Moy). 

The components and connections required to execute 
the Ex (extract) instruction are shown in FIGURE 34. 
As listed in the table of FIGURE 31, this instruction is 
executed upon the 0T.02.03 configuration of the flip-flops 
of the order register. The Ex instruction is normally 
used to modify other instructions by changing the address 
portion of such other instruction. The operation calls 
for writing a "1" in the accumulator register (A) when- 
ever there is a "1" in both the (Ao) flip-flop and in the 
(Moy) flip-flop; and for writing a "0" in the accumulator 
register (A) for afl other relative conditions of the flip- 
flops. The Ex instruction, therefore, represents a mask- 
ing type of operation. By this operation, data continued 
in a given part of a word can be selected by a control 
word which has I's only in the part of the control word 
corresponding to the part desired of the other word. The 
control word can be placed in the memory or in the 75 
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accumulator register (A) as the two numbers are treated 
identically. 

As v/ith the (.At) instruction, the (Ex) instruction is 
a one word operation and it is executed during the "first 
word" (FhO phase when the control flip-flops have the 
KT.K2 configuration. The computer then returns to the 
wait alpha (Wa) phase (KT.K2.K3) so that a search may 
be made for the next instruction. 

For the Ex instruction, as was the case of the At in- 
struction, the flip-flop (Ai) is set to ail zeros during the 
first word (Fw) phase of this operation. The contents 
of the selected (Moy) channel and sector of the magnetic 
memory drum are passed through the read flip-flop (Moy) 
and are introduced to the flip-flop (Ai), together with the 
output of the flip-flop (Ao), and through an "and" gate. 
This causes a new word, corresponding to the contents 
of the register (A) and the contents of the selected (Moy) 
channel and sector, after these contents have been passed 
by the "and" gate, to be read into the adder and through 
the adder to the accumulator register write amplifier 616. 
The "and" word is added to zero in the adder, due to the 
false state of the flip-flop (Ai) during the "first word" 
(Fw) phase of this operation. 

At the end of the word time of the "first word" (Fw) 
phase of the Ex instruction, the flip-flop (K2) is triggered 
true to return the computer to the "wait alpha" (Wa) 
phase. This breaks the feed of the (Ao) and (Moy) 
flip-flops to the (Di) flip-flop and restores the normal 
circulating loop of the accumulator register (A) from 
the (Ao) flip-flop to the (Aj) flip-flop. The "anded" 
word now circulates through the accumulator register (A). 

The logic for carrying out the Ex instruction is set out 
for the most part in FIGURE 34. Some of the logic re- 
quired for this operation is the same as that required in 
FIGURE 33 for carrying out the Ar instruction and, to 
avoid repetition, some of the previous logic is not re- 
peated in FIGURE 34. 

As shown in FIGURE 34, the flip-flop (K2) is triggered 
false by the term P0.K2 at the end of the "wait for beta" 
(Wb) phase of the Ex instruction. This breaks the cir- 
culating loop from the Ao flip-flop to the (Ai) flip-flop 
and the term kT.oT sets the flip-flop (Ai) false. The 
computer now enters the "first word" (Fw) phase of the 
Ex instruction. Moreover, the terms KT.K2.(5T.03 and 
K1.03 and kT become true which permits the flip-flop 
(Ao) and the flip-flop (Moy) to feed their outputs in an 
"anded" manner into the (Di) flip-flop. The logic is such 
that a typical "and" gate is formed. That is, the flip-flop 
(Di) is set to "one" if both the terms (Ao) and (Moy) 
are 1, and it is set to if either of these terms is 0. 

The output of the (Di) flip-flop as was the case in 
the execution of the At instruction is introduced to the 
adder and added to zeros from the flip-flop (Ai) in the 
adder. This output from the adder is fed to the input 
terminals Oo and So of the write amplifier 616. As before, 
the adder exhibits "add" logic because the flip-flop (Kc) 
is false for the "first word" (Fw) phase of the Ex opera- 
tion, as it was for the (Fw) phase of the At operation. 
The carry flip-flop (Ca) remains false during the (Fw) 
phase because the flip-flop (Ai) is false throughout this 
phase. 

The components and connections required to execute 
the multiplication instruction (Mm) are shown in FIG- 
URES 35, 36 and 37. It should be noted that all nega- 
tive numbers in the machine are stored as a two's com- 
plement, and such numbers are identified by a "1" at the 
sign digit position. The (M«) instruction, as listed in 
the table of FIGURE 31, is executed upon the OT.02.oI 
configuration of the flip-flops in the order register. The 
multiplication operation forms the product of the num- 
ber contained in the accumulator register (A) and the 
number in the selector channel and sector of the (Moy) 
section of the magnetic memory (as specified by the beta 
address of the instruction). 
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The number in the accumulator register (A) is the 
multiplier, and it is transferred to the multiplier and 
quotient register (R) during the first word (Fw) phase. 
The number in the selected channel and sector of the 
main memory (Moy) is the multiplicand, and it is read 
into the multiplicand and divisor register (D) during the 
first word phase (Fvi-). 

The multiplication operation is started in the first word 
phase (Fw) and continues through the additional words 
phase (Aw), and the operation is completed during the 
last word phase {Lw). The number of additional words 
required during the (Aw) phase is determined by the 
alpha sector address of the next instruction. This allows 
the operation to be terminated when the desired accuracy 
has been obtained in the product merely by causing the 
address of the following instruction being executed by 
a number of word times corresponding to the desired ac- 
curacy. This feature of termianting the operation at any 
desired point is possible because the most significant digits 
of the product are generated first. That is, the most sig- 
nificant digit of the multiplier is used in the first step, and 
ill successive steps the multiplier is shifted left so that its 
digits are used in decreasing order of significance. 

The multiplicand is shifted to the right one bit for each 
step during the execution of the Wlu instruction, and a bit 
is dropped from the least significant end of the multi- 
plicand for each step. Tliere is, therefore, a truncation 
operation at each step of the multiplication which re- 
sults in the product always being low. This normally 
does not present a serious problem if the numbers to 
be multiplied are not too large, and if such numbers are 
scaled so that the most significant digit of the number 
(exclusive of the sign bit) occurs at PI digit time when 
the function is at its maximum magnitude. 

The logic required to carry out the multiplication in- 
struction (Mil) during the first word phase (Fw) of that 
instruction is set out in FIGURE 35. As shown in that 
figure, the input terminal ai of the flip-flop (Ai) receives 
the term Kl.Ol. The input tmninal di of the flip-flop 
(Di) receives the term Moy.Kl.K2.Kc.03. The input 
terminal rfj of that flip-flop receives the term Moy.Kl. 
The carry flip-flop (Ca) receives the term Ol.Kc.Aj.D/.m 
at^its mput interminal c^, and it receives the term 
Ol.KcAi.D; at its input terminal"^ All these flip-flops 
are connected to the adder in the accumulator register 
(A) which, as described above, is connected to the input 

terminals a^ and a^ of the write amplifier 616 of that 
register. 

The flip-flop (Ao) of the register (A) has its output 
terrninaJ_Ao_connected to an "and" gate to form the term 
Ao.Kl.K2.01.02, the "and" gate being connected to the 
mput terminal ^3_of the flip-flop (K3). Likewise, the 
output terminal Ao and the term kT.K2.oT.O2.P0 are 
connected to an "and" gate which, in turn, is connected 
to the input terminal fcj of the flip-flop (K3). 

The output terminal Ao of the flip-flop (Ao) is con- 
nected to an "and" gate with the term Kl.K2.oT.P0, and 
the latter "and" gate is connected to the input terminal 
kc of the flip-flop (Kc). These connections to the flip- 
flop (Kc), and the connections to the flip-flop (K3) rep- 
resent a time-shared use of these flip-flops, the flin-flon 

(Kc) normally serving as a coinciden'ce let'ector fliJ-K e5 ^VmiiJili^rdSLTe'LSS TretiXTt 
and the flip-flop (K3) normally serving as a control flip- «"« 'i^-^ ^•- «=-J^--\---^^^^. -°'^^'*. '°- *^ "'P 
flop. 

The output terminal K3 of the flip-flop (K3) is con- 
nected to an "and" gate, as is the term K1.03, and this 
"and" gate is connected to the input terminal To of the '^0 
write amplifier 622. The output terminal K3 of the flip- 
flop (K3) is "anded'[_with the terra EI and introduced 
to the input terminal Ko of the write amplifier 622. The 
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terms M.. and M^ from the flip-flop (Mc.) are anded ;. Zi;X o^^t^S^^^A^^^ ^^.^^.^ 



with the^term Kl and introduced to the input terminal 
do and dg of the write amplifier 620. 

During the first word of the multiplication (Mm) in- 
struction, the sign digit of the multiplier in the accumu- 
lator register (A) is copied into the flip-flop (Kc) at PO 
digit time of the wait beta (Wb) phase just prior to the 
first word (Fw) phase. It should be pointed out that 
the sign of the operand numbers in the register occurs at 
PO digit time. The flip-flop (Kc) is always true during 
the wait beta (Wg) phase, and it remains true during the 
first word (Fw) phase unless it is triggered false by the 
term Kl.K2.Ol.P0.l5. This latter term is true if the 
multiplier is positive. 

The multiplicand is subtracted from the "0" in the 
adder if the multiplier is negative, as represented by the 
flip-flop (Kc) in its true state. When that condition 
arises, the multiplicand is fed from the flip-flop (Mov) 
to_th£ flip-flop (Di) because of_jhe truth of the term 
Kl.K2.Kc.03 and of thejenn Kl. The flip-flop (Ai) 
!S set to "0" by the term Kl.Ol. The carry flip-flop (Co) 
IS now operative because the term Tl.Kc is true, and it 
causes the number from the flip-flop (D;) to be subtracted 
in the adder from "0" because the carry flip-flop (Ca) is 
held true by the term Tl term throughout the word time. 
Iherefore, if the multiplier is negative, the complement 
of the multiplicand is read into the accumulator register 
(A) during the first word (Fw) phase of the multiplica- 
tion (Mil) operation. 

The multiplicand is also read from the flip-flop (Moy) 
into the write amplifier 620 of the register (D) during 
the first word (Fw) phase because the term Kl is true. 
Since the channel (D) is one bit short of a one word 
length, the multiplicand is shifted one bit to the right 
for the first 24 bits, and the last digit of the multiplicand 
is extended one bit to form a new sign digit. 

The multiplier is copied into the register (R) during 
the first word phase (Fw) from the accumulator register 
(A). Smce the register (R) is also one bit short of 25 
bits, the output from the accumulator register (A) is 
copied through th flip-flop (Ao) into the flip-flop (K3) 
before being introduced to the write_amplifier 622 of the 
register "R" through the true terms Kl.()3 and kT The 
multiplier is read from the flip-flop (Ao) to the flip-flip 
(K3) during the first word (Fw) phase of the (M«) 
instructwn_because the terms K1.K2.O1.O2.P0 and 
K1.K2.O1.02 are true. 

Therefore, at the end of the firsit word (Fw) phase 
^ P^'^^^^lP^°^^<:i is placed in the accumulator register 
(A). This partial product is "0" if the multiplier is posi- 
tive, and it IS zero— the multiplicand if the multiplier is 
negative. Also, at the end of the (Fiv) phase, the mul- 
tiplier is in an on-time position in the register (R) and 
the multiplicand is shifted one position to the right in 
the register (D). The extreme right hand digit of the 
muWiphcand has now been lost. 

The computer now enters the additional words (Aw) 
phase of the (Uu) instruction. For each word time 
in this phase, the shifted multiplicand in the (D) regis- 
ter IS fed to the flip-flop (Di) to be added to the partial 
product in the accumulator register (A) if the multiplier 
digit is "1" for that word time. However, if the mul- 
tiplier digit IS "0" for that word time, the contents of 
fhe (A) register are merely circulated through the adder 
The multiplier digits are successively stored in the flip- 
flop (Kc), the flip-flop being triggered false if the multi- 
plier digit is a "I" and being triggered true if the multi- 
pher digit IS a "0." The sign digit extension of the mul- 
tiplicand occurs at PO digit time, and that digit is not 
copied into the flip-flop (Di). 

The multiplication instruction (Mu) in its additional 
words (Aw) phase requires for its execution the logic 
configuration illustrated in FIGURE 36. As illustrated 
m that figure, the term K1.02 couples the output ter- 
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flip-flop (AO. The term K1.02 is true for the (Aw) 
phase of the (Mm) instruction, and the partial products 
in the accumulator register therefore circulate through 
the adder during this phase. 

The Do and Do output terms of the flip-flop (Do) 
in the register (D) are coupled to the input terminals 
di and rfj and of the (DO flip-flop by the terms 

Kl.K2.O3.Kc.P0 
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and K1.03.PO, respectively. The first term is true only 
when the flip-flop (Kc) is false, indicating a multiplier 
digit of "1." When the flip-flop (Kc) is true indicating 
a multiplier digit of "0," a term Kl.o5.Kc introduced 
to the input terminal d^ holds the flip-flop (Di) false for 
that word time. 
A first pair of terms Kc.Ai.Di.F2i and Kc.Al.15t are 

introduced respectively to the input terminals c^ and c^ 
of the carry flip-flop (Co). These are normal add terms, 
so that when the flip-flop (Kc) is false, the contents of ^0 
the (D) register flowing through the flip-flop (Do) are 
passed on to the flip-flop (Dr) and added to the contents 
of the (A) register past through the flip-flop (A/). This 
occurs when a unity multiplier digit is in the flip-flop 
(Kc). _ 25 

A second pair of terms 01.Kc.Al.Di.P24 and 
Ol.Kc.Ai.T)!., which are also introduced to the input ter- 
minals Ca and Ca respectively of the flip-flop (Co), are 
normal subtract terms. Because the flip-flop (Kc) holds 
the flip-flop (D;) false when the flip-flop (Kc) is true, 
these terms cause "0" to be subtracted from the contents 
of the (A) register when a "0" multiplier digit is in the 
flip-flop (Kc). In other words, the partial product in 
the (A) register merely circulates through the adder 
when a "0" multiplier digit is in the flip-flop (Kc). 

It will be noted that the Fo terras in the input of the 
flip-flops (Di) and (Ca) suppress the sign digit of the 
multiplicand and do not permit that digit to pass through 
the adder. 

Because the register (D) is a 24 bit register, the multi- 
plicand is shifted to the right each time it circulates 
through that register. This causes, as noted above, the 
least significant digit of the multiplicand to be lost for 
each such circulation. The flip-flop (Do) has its output 
terminals Do and So respectively coupled to the input 
terminals da an do of the write amplifier 620 through 
the terms KI.Kii.OS.PO. This term is true during the 
additional words (Aw) phase of the (Mu) instruction. 
Therefore, so long as the (Aiv) phase exists, the multi- 
plicand is circulated through the register (D), and it 
is shifted to the right by one digit for each such circu- 
lation. 

To process the sign digit of the multiplicand, the mul- 
tiplicand is normally copied for right shift from the 
flip-flop (Do) into the write amplifier 620, except at 
PO digit time. The contents of the flip-flop (Do) are 
also shifted through the flip-flop (S2) and through the 
term K1.K2.K3.(5I which is true for the additional 
words (Aw) phase of the (Mu) instruction. Then, at 
PO digit time, the term kT.K2.P0 becomes true so that 
the contents of the S2 flip-flop are introduced to the 
write amplifier at that time. The sign of the multiplier 
is therefore stored in the flip-flop S2 for each circulation 
of the multiplicand through the register (D), and the 
sign is then introduced to the register (D) at PO digit time 
by that flip-flop. 

The flip-flops S3 and S4 are used in the circulating 
loop of the register (R) to provide the desired left shift 
for the multiplier. The output terminals of the flip-flop 
(Ro) are coupled tiirough a term Kl.K2.K3.03 to the 
input terminals Si and s^ of the flip-flop (S4), this term 
being true for the (Aw) phase of the (Mi/) instruction. 



terminal s^ of the flip-flip (S4) sets the sign digit of the 
multiplier to "0" during the first word phase of the (M«) 
instruction. 

The term Kl.K2.K3.oT couples the output terminals 
of the flip-flop (S4) to the input terminals of the flip- 
flip (S3). This latter term is also true for the additional 
words (Aw) phase of the multiplication (Mm) instruc- 
tion, so that the contents of the flip-flop S4 may be copied 
into the flip-flop (S3). The terms K1.K2.P24 and 
K1.K2.03.P24 respectively couple the S3 and S3 of the 
output terminals of the flip-flop (S3 ) to the input termi- 
nals Tg and Co of the write amplifier 622. These terms 
permit the contents of the flip-flop (S3) to be copied into 
the write amplifier 622 during the (Aw) phase of the 
(Mu) instruction, and the latter terms sets each used 
multiplier digit to "0." 

The flip-flop (S3) has its S3 output terminal cou- 
pled through a term K1.K2.O3.P0' to the /t^ input 
terminal of the flip-flop (Kc). Likewise, the flip-flop 

(S3) has its output terminal S3 coupled to the T] input 
terminal of the flip-flop (Kc) through a term 
K1.K2.O2.P0. These terms cause the multiplier digits 
passing through the flip-flop (S3) at PI digit time dur- 
ing the (Aw) phase of the (Mm) instruction to be stored 
in the flip-flop (KC) for one word time. 

A unity multiplier digit now triggers the flip-flop (Kc) 
false, which is desired for the reasons described above, 
and a "0" multiplier digit causes the flip-flop (Kc) to 
be true, which also is desired for the reasons described 
above. As also previously mentioned the multiplier 
digits pass through the flip-flop (Kc) mode with the most 
significant digit first. This, as explained, enables the 
partial products in the accumulator register (A) to ac- 
tually represent the final answer at all times and with 
increased accuracy for each additional word in the (Aw) 
phase. 

As also mentioned above, the computer remains in 
the additional words (Aw) phase for a number of word 
tim.es as determined by the alpha sector address of the 
next instruction. V/hen equality is achieved by the alpha 
sector address and the Sot sector number, as compared 
in the (S5) flip-flop, the (Mu) operation of the com- 
puter enters its last word (Lvv) phase (Kl.7ii2.IiS) of 
FIGURE 37. 

When the computer enters the last word (Lw) phase 
of the (Mm) operation, it performs one more multiplica- 
tion operation and then returns to the instruction read-in 
(I/-) phase. 

During the additional words phase of the (Mm) in- 
struction, the flip-flop (S5) in FIGURE 38 is set true 
during each word time just before the alpha sector num- 
ber in the instruction, this being accomplished by the 
term K1.K2.K3.T5.T4 introduced to its ^5 input termi- 
nal. The flip-flop (S5) is then set false by the alpha 
sector portion of the instruction by the term 

Kl m.KZ (lo.Sot-\-Jd.Sot)'T^7n 

introduced to its input terminal i^ unless the alpha sec- 
tor number in the instruction is the same as the Sot sec- 
tor number on the drum. When the latter condition oc- 
curs, the flip-flop (S5) remains true, and the flip-flop 
(K3) is triggered false at the end of the following word 
time by the term K1.K2.P0 introduced to its input termi- 
nal /C3 (see FIGURE 38). This triggering of the flip-flop 
(K3) to a false state causes the computer to enter the 
"last word" phase (K1.K2.K3) of the (Mw) instruction. 
Then, one word time later, the flip-flop (K2) is triggered 
yo true by the term K3.K1.P0 introduced to its input termi- 
nal ^2- This latter triggering causes the computer to re- 
turn to its instruction "read-in" (Ir) phase (K1.K2.K3). 
Just before the last word phase of the computer, and 
as shown in FIGURE 37, the flip-flop (Kc) is set true or 
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The term K1.K2.O3.P0 introduced to the right input 75 false by the terms S3.K1.K2.O3.P0 and Kl.K2.O2.P0.S3 
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introduced to its input terminals and in accordance with 
the state of the flip-flop (S3). As before, the flip-flop 
(Kc) is set true if the multiplier digit is a "0" and it is set 
false if the multiplier digit is a "1." 

As in the previous instance, the partial product in the 6 
register (A) shifts through the adder during the "last 
word" (Lh') phase and is added to the shifted multipli- 
cand in the register (D) if the multiplier in the flip-flop 
(Kc) is a "1." However, if the multiplier in the flip-flop 
(Kc) is a "0," the partial product is merely passed lo 
through the adder. The multiplicand is able to pass 
though the register (D) for the last word (Lvv) phase of 
the (Mil) instruction because the term Kl.Kf.OS.PO at 
the input terminals of the write amplifier 620 are still true 
for the (Liv) phase. Also, the flip-flop (S2) is able to 15 
insert the sign digit into the PO position of the multipli- 
cand during the last word phase because the term 
KI.K2.P0 is still true for that phase. 

Then, at the end of the last word (Lw) phase, the 
product is in the register (A) with the proper sign and 20 
desired accuracy. Then, and as described above in con- 
junction with FIGURE 38, the computer is returned to 
the instruction read-in (Ir) phase and the next instruc- 
tion is read into the register (I). This next instruction 
is selected by the coincidence detection by the flip-flop 26 
(S2) of the alpha sector number of the present instruc- 
tion and the corresponding (So/) number. 

The logic required to execute the select (Tc) instruc- 
tion is set out in FIGURE 39. This instruction is identi- 
fied by the 0T.02.03 configuration of the order flip-flops. 
The (To) instruction specifies that the next instruction is 
to be selected from the (May) memory location indi- 
cated by the beta address section of the (T^) instruc- 
tion if the contents of the accumulator register (A) are 
equal to or greater than "0." The (T^) instruction 
further specifies that the next instruction is to be selected 
from the (Moy) memory location indicated by the alpha 
address section of the (Tc) instruction with the contents 
of the accumulator register (A) are less than 1. 

When the contents of the accumulator register (A) are 
greater than "0" or equal to "0," the sign digit is "0." 
This "0" sign digit sets the flip-flop (A/) false at P24 
digit time. Conversely, if the contents of the accumula- 
tor register (A) are less than "0," the sign digit is a "1." 
This unity sign digits sets the flip-flop (A;) true at P24 
digit time. 

As illustrated in FIGURE 39, the selection matrix 16 
is controlled by the flip-flops SI, S2, S3, S4 and S5 in the 
track selector register 700. These flip-flops, in turn, are 
controlled by the logic follower (F^). The term 

{'ES.f4:.Kl.l!2+7il..K2if4.'^+T4(T3-{-Tl.T2)]}T5 

is introduced to the logic follower (F^) and it causes the 
flip-ilops of the track selector register 700 to be activated 55 
for track selection purposes during the alpha track and 
beta track address sections of tt^e instruction. These 
sections, as illustrated in FIGURE 30, extend from P8-P3 
and from P18-P14 in the instructions. The output from 
the instruction register flip-flop (lo) is introduced to the 60 
flip-flop (S5), and that output is shifted through the flip- 
flops S4, S3, S2 and SI under the control of the follower 
(Fs). The control is such that the beta address track 
number is in the track selector register 700 during the 
v/ait beta (V/b) phase of the computer, and the alpha 65 
address is in the register durisig the v/ait alpha (Wa) phase 
of the computer. 

The selection matrix 16 is controlled in the manner de- 
scribed above, so that the channel selected by the register 
700 may have its contents read into the flip-flop (Moy). 70 
The term K1.K3 couples the output of the flip-flop (Moy) 
to the input term-inals /q and /j, of the write amplifier 618 
of the instruction register. The term /o(Zl-fX3) is in- 
troduced to the input terminal i^ of the write amplifier 75 
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618, and the term 7o(ET-)-K3 ) is introduced to the input 
terminal ig of the write amplifier 618. 

During the execution of the select instruction (Tc) a 
term K2.OT.O2.O3.P0 couples the output terminal Kc of 
the coincidence detector flip-flcp (Kc) to the input ter- 
minal A'l of the control flip-flop (Kl). Likewise, a term 
kT.K2.P0 couples (he output terminal Kc to the input 
terminal A'3 of the control flip-flop (K3). A term 
P0.K2.K3 is introduced to the input terminal Icl of the 
flip-flop Kl, a term K1.K2.P0 is introduced to the input 
terminal k^ of the flip-flop (K3). Finally, a term 

js:i.M(Pi3-P9)+po.M.fi:2 

is introduced to the input terminal k^ of the coincidence 
detector flip-flop (Kc), and a term 

l^.K2(IoM^+To.Sot) (P24-Pl9+Pi-P3) 

is introduced to the input terminal ^'c of the flip-flop (Kc). 

The select instruction (Tc) is executed during the first 
word phase of (Fw) of the computer. During the wait 
alpha (Wa) phase of the previous instruction, the flip- 
flops Kl, K2 and K3 are set to the kT.K2.K3 configura- 
tion and the alpha track address of the (Tc) instruction 
is shifted into the track selector flip-flops S1-S5, as de- 
scribed above. Upon coincidence of the alpha sector 
address in the coincidence detector flip-flop (Kc), the 
computer enters the instruction read-in phase (Ir) in 
which the control flip-flops have the configuration 
K1.K2.K3, and the (Tc) instruction is read into the in- 
struction register (I). The instruction is read from the 
flip-flop (Moy) through the K1.K3 term (which are now 
true) to the write amplifier 618 of the instruction reg- 
ister (I). 

The computer then enters the wait beta (Wg) phase 
(K1.K2.K3) because the term PO.K2.K3 triggers the 
flip-flop (Kl) false at the end of the (Ir) phase, the term 
(K1.K2.P0) triggers the flip-flop (K3) true at the end of 
that phase. If the number in the accumulator register 
(A) is less than zero, the term Ai.P24 is true and the 
flip-flop (K3) is immediately triggered false by the term 
KT.OT.02.03.Ai.P24 to return the computer to the wait 
alpha (Wa) phase. This enables the next instruction to 
be selected from the (Moy) channel and from the sector 
in that channel addressed by the alpha address section 
of the instruction, as is desired under these conditions. 

However, if the term Af.P24 is false, a number greater 
than or equal to zero is indicated as being in the ac- 
cumulator register (A). This flip-flop (K3) now remains 
true, and the computer is able to enter the wait beta (Wb) 
phase. 

The beta track address section of the (Tc) instruction 
is now read into the track selector register 700. Then, 
upon sector coincidence, the term Kc.K2.OT.O2.O3.P0 is 
true at the PO time to trigger the flip-flop (Kl) true. The 
term Kc.Kl.K2.P0 is true at the time time to trigger the 
flip-flop (K3) false. This causes the computer to enter 
the instruction read-in (Ir) phase, so that the instruction 
addressed by the beta section of the (Tc) instruction is 
read into the instruction register (I) which is desired un- 
der the latter conditions. 

The logic required to perform the (Ad) instruction is 
set out in FIGURE 40. As noted above, this instruction 
requires that the contents of the designated memory loca- 
tion (Moy) be added to the contents of the accumulator 
register (A), with the sum being left in the accumulator 
register (A). The order flip-flop configuration for this 
instruction is 01.02.03. The instruction is carried out 
in the first word phase (F^) in which the control flip-flops 
have the configuration KT.K2. The contents of the ac- 
cumulator register may be a number inserted into the ac- 
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cumulator register by the clear and transfer command 
(At), or the number may be the sum of a previous exe- 
cution of the (Ad) command. 

The flip-flop (Kc) is used in this command to control 
the carry flip-flop (Ca). When the ilip-flop (Kc) is set 
false, the carry flip-flop (Ca) is set to a normal "add" 
configuration. The flip-flop (Kc) is set false for the 
(Ad) instruction by a term kT.K2.O2.P0 which is intro- 
duced to the input terminal kc of the flip-fiop (Kc). This 
term sets the flip-flop (Kc) false at the end of the wait 
beta (Wb) phase, and it remains false during the first 
word (Fvv) phase while the addition is being performed. 
The term Ai.l5l couples the terms Kc to the input termi- 
nal Cs. of the carry flip-flop (Ca). In like manner, the 
terra A(.Di.l'24 couples the term Kc to the input terminal 
Ca of the carry flip-flop (Ca). TTie term P24 is also intro- 
duced to the input terminal Ca of the carry flip-flop (Ca). 
The numbers to be added flow through the adder from 
P23 digit time to P21 digit time of the following word time. 
The term P24 introduced to the input terminal Ca, and the 
term P21 included in the general term introduced to the 
input terminal Ca of the carry flip-flop (Ca) cause that 
flip-flop to be set false at the beginning of each new addi- 
tion. This is desired, and the carry flip-flop (Ca) re- 
mains low until it receives a "1" from both the numbers 
passing through the (Ai) and (D/) flip-flops. 

At the first word phase (F»v) of the Ad instruction the 
selected (May) channel and sector of the magnetic drum 
flows through the flip-flop (Moy). A first term Kl 
couples that flip-flop to the input terminal di of the flip- 
flop (DO, and a term K1.K2.03.02 couples the output 
terminal Moy to the input terminal di of the flip-flop (D;). 
These terms are true during the first word phase, so that 
the contents of the selected (Moy) channel are read dur- 
ing that phase through the flip-flop (Di) into the adder. 

A term K2 couples the output terminals of the flip-flop 
(Ao) to the input terminals of the flip-flop (Ai) during 
the wait beta (Wb). This permits the number in the 
accumulator register (A) to circulate through the regis- 
ter. Then, during the first word (Fw) phase, a term 
Kl.Ol coupling the flip-flop (Ac) to the input terminals 
of the flip-flop (Ai) becomes true. This permits the 
contents of the accumulator register to circulate through 
the adder at the same time as the contents of the selected 
channel and sector from the magnetic drum. Also, the 
carry flip-flop (Ca) is set to a normal add condition, so 
that a binary addition is carried out between the contents 
of the accumulator register and the contents of the se- 
lected channel and sector of the magnetic drum. The sum 
is then read into the accumuiator register. At the end of 
the first word phase, the term K2 becomes true, and the 
new number is circulated through the (A) register. 

It will be appreciated that the addition begins in the 
adder at P23 digit time with the least significant digits 
and proceeds to the most significant digits of the two 
numbers at PO digit time. Then, the adder acts on the 
sign digits of two numbers at P24 digit time of the fol- 
lowing word time, after which the carry flip-flop is set 
low by the P24 term to be ready for the next addition or 
other instruction. The new number circulating in the 
(A) register then, as mentioned above, represents the sum 
of the original two numbers, and the sign digit of the 
new number correctly represents the sign of the new 
number. 

The logic required to execute the subtract instruction 
(Su) is set out in FIGURE 41. This instruction requires 
that the contents of the accumulator register (A) be sub- 
tracted from the contents of the designated memory loca- 
tion (Moy) with the difference being left in the accumu- 
lator register (A). This is opposite from the subtraction 
operations of most prior art computers in which it is 
normal, under a subtract instruction, to subtract the con- 
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tents of the accumulator register. The present Su instrac- 
tion results in a simplification of logic. 

The subtract instruction Su is represented by the order 
register configuration 01.02.03. When the computer 
enters the first word (Fw) phase of this instruction, the 
term kT.OI couples the flip-flop (Ao) to the input termi- 
nals of the flip-flop (Ai). At the same time, the terms 
KI.K2.Kc.03 and kT couples the output of the flip-flop 
(Moy) to the input of the flip-flop (Vi). These con- 
nections cause the contents of the flip-flop (Ao) and 
(Moy) to be read simultaneously into the adder. The 
carry flip-flop is set to the subtract configuration by the 

term K1.K2.01.A/.d7.P24. Kc introduced to its left input 
terminal and the term Kl.K2.01.Ai.Di.Kc introduced to 

its input terminal Ca. The carry flip-flop (Ca) is set to 
the subtraction configuration by the flip-ilop (Kc) in its 
true state. This flip-flop is triggered true by the term 
P0.K1.K2 at the end of the wait beta (Wb) phase, and the 
flip-flop remains true during the first word (Fu') phase 
during the subtract instruction. Tlierefore, the contents 
of the selected memory location (Moy) are subtracted 
from the contents of the accumulator (A) register during 
the first word phase of the subtract instruction. 

The logic required to perform the (Dv) divide instruc- 
tion is illustrated in FIGURES 42, 43 and 44. For this 
instruction the dividend is first placed in the accumulator 
register (A) and circulates in that register at the begin- 
ning of the operation. During the additional words (Am.-) 
phase, the accumulator register contains the remainder 
at the end of each step. The divisor is stored in the regis- 
ter (D), and the quotient is formed in the register (R). 
During the last word (hw) phase, the quotient is trans- 
ferred from the register (R) to the accumulator reeis- 
ter (A). 

The divide instruction (Dv) is represented by the 
order flip-flop configuration '6JJr2.03. FIGURE 42 illus- 
trates the logic required during the first word (Fw) 
phase of the (Dv) instruction. The first word (Fw) 
phase, as mentioned above, it represented by the con- 
figuration Kl .Ki; of the control flip-flops. For a division, 
the control flip-flop K3 is set false during the first word 
(Fvv) phase. 

.A.S iUuslrated in FIGURE 42, the term Kl.Ol couples 
the output terminals of the flip-flop (Ao) to the input 
terminals of the flip-flop (Ai). The term K2 is intro- 
duced to the input terminal 71^ of the flip-flop (Di). 

The term Ol.cH.OS.rii.PO.Kl.Kl: couples the output 
terminal Moy of the flip-flop (Moy) to the input terminal 
Ca of the carry flip-flop (Ca). The digit timing pulses 
P24 are apphed to the input terminal Ca of the carry 
flip-flop (Ca). 

The output terminals of the flip-flop (Moy) are cou- 
pled to the input terminal d^ and d^ of the write ampli- 
fier 620 of the (D) register channel by the term Kl. 

The term P0.K1.K2 is introduced to the input terminal 
kc of the flip-flop (Kc) to set that flip-flop high for the 
(Wb) phase of the computer. The output terminal K,. 
of the flip-flop (Kc) is coupled by the term KT.K2.P0 
to the input terminal 7^3 of the flip-flop (K3). The out- 
put terminal Kg is coupled by the term KT.K2 to the in- 
put terminal ro of the write amplifier 622 of the (R) 
register channel. 

As shown in FIGURE 42, the dividend is circulated 
through the accumulator register (A) and through the 
adder during the (Fit') phase of the (Dv) instruction 
be cause of the term kT.OI (which couples the flip-flop 
Ao to the flip-flop (A;) is true. The flip-flop (Di) is 
set false by the term K2 during the (Wg) phase of the in- 
struction (Dv), and that flip-flop stays false during the 
(Fiv) phase. 

The divisor is read from the selected (Moy) channel 
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(Fw) phase into the register (D). This information 
passes through the flip-'flop {May) and through the term 
Kl to the write amplifier 620 of the register channel 
(D). Also during the first word (Fw) phase, the regis- 
ter (R) is cleared to zero by the term kT.K2.K3 intro- 5 
duced to the input terminal Tq of the write ampMBer 620. 
The ilip-tlop (K3) is triggered false to provide the K3 
term at the end of the wait beta (Wb) phase by the term 
Kc.kT.K2.P0. The flip-flop (Kc) is true at the end 
of the (Wb) phase because it is triggered true by the ^^ 
term P0.kT.K2 at the beginning of that phase, and it re- 
mains true when the beta sector address is reached to 
terminate the (Wg) phase. 

Also during the first word (Fw) phase, the term 
Moy.Ol.O2.O3.P24.P0.KT.K2 causes the carry flip-flop 
(Ca) to be triggered "true if the sign of the divisor is 
negative, this term being introduced to the input terminal 
Ca of the carry flip-flop. The first quotient digit is the 
sign of the answer, and this is determined by the sign 
of the divisor and dividend. If both are negative or posi- 
tive, the sign of the answer is positive. However, if the 
signs of the divisor and dividend are different, the sign 
of the answer is negative. 

The term Moy.OI.O2.O3.P2i.P0.KT.K2 introduced to 25 
the carry flip-'flop cause a "1" to be added to the sign 
digit of the dividend if the divisor is negative. Then, if 
the dividend is originally negative, the resulting sign digit 
is "0" to represent a positive answer, which is desired. 
By the same token, if the divisor is positive, a "0" is go 
added to the dividend sign digit. This latter condition 
provides a sign digit of "0" in the answer if the dividend 
is positive, which also is desired. For the other two 
relative sign conditions of the dividend and divisor, the 
sign digit in the answer is a "1" to represent a negative 35 
number, which is also desired. 

During the first word (Fw) phase, the register (R) is 
cleared to "0." This is achieved by the term Ka.Kl.K2 
introduced to the input terminal r^ of the write ampli- 
fier 622. The term KT.K2 is true during ithe first word 40 
(Fw) phase. Also, the flip-flop (K3) is triggered false 
during this phase of the (Dv) instruction to make the 
term K3 true. The flip-flop (K3) is triggered false by 
the terra Kc.kT.K2.P0 at the end of the (Wb) phase. 
Tlie term Kl.KZ is true during the (Wb) phase, and the 
flip-flop (Kc) is set high for that phase to make the 
term Kc true. The flip-flop (Kc) is set high by the term 
K1.K2.P0 introduced to its input terminal k,.. 

The (Dv) instruction now enters the first word time 60 
of the additional words (Aw) phase. In the (Aw) 
phase the control flip-flops are set to the K1.K2.K3 
configuration. 

The flip-flop (SI) is inserted in the circulating loop 
of the (A) register during the (Aw) phase. The term S5 
K1.K2.K3.02 couples the output terminals of the flip- 
flop (Ao) to the input terminals of the flip-flop (SI). 
Likewise, the same term Kl.K2.K3.o3 couples the out- 
put terminals of the terms (Si) to the input terminals 
of the flip-flop (A/). The term K1.K2.K3.02.P24 is 

also introduced to the input terminal a^ of the flip-flop 
(A/), and this term sets the least significant digit of the 
number passing through that flip-flop to zero during a 
left shift of the number. 

The flip-flop (S2) is inserted in the circulating loop of 
the register channel (D). The term K1.K2.K3.02 
couples the flip-flop_(Dc>) to the flip-flop (S2), Like- 
wise, the term KI.K2.03 couples the flip-flop (S2) to 

the input terminals d„,do of the write amplifier 62ft, A 

pair of terms Kc.A;.D/.Kl.i'24 and K^.Ai.Di.Fzi" are 
introduced to the input terminal c^ of the carry flip-flop 
(Ca). The terms KcAlUl and Kc.Ai.Dl.Kl are in- 
troduced to the input terminal c^ of the carry flip-flop. 75 
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Tile output terminals of the carry flip-flop (Ca) are 
coupled by a term P24.K1.k5.02 to the input terminal 
A'c of the flip-flop (Kc), the term Ai being anded with the 
Ca term and the term M being anded with the C» term, 
file output terminals of the carry flip-flop are coupled to 

the input terminal A'o of the flip-flop (Kc) by the term 
K1.K2.03.P24, the term Al being anded with the Ca 
term and the term A/ being anded with the "Ua term. 
Tlie flip-flops S3 and S4 are used in conjunction with the 
register (R). The term K2.03.S3 couples the output 
terminal S4 of the flip-flop (S4) to the input terminal 

To of the write amplifier 622. The term Kl.K2.K3.02.i5o 
is introduced to the input terminal .J4 of the flip-flop 

(S4), and the term K1.K2.K3.02.P24.Rd is introduced 
to the input terminal si of that flip-flop. 

The output terminal Ro of the flip-flop (Ro) is coupled 

by the term K1.03.S3 to the input term Tq of the write 
amplifier 622. The term Kl.K2.03.S4 couples the output 
terminal Ro of the flip-flop (Ro) to the input terminal 
ro of the write amplifier 622. 

The term K1.K2.K3.02 couples the output terminal 
TU) to the input terminal T3 of the flip-flop (S3). A 
term Kl.K2.K3.02.Kc.S4 is also introduced to that in- 
put terminal. A pair of terms KLK2.K3.02.Kc and 
K1.K2.K3.02.S4 couples the output terminal Rq to the 
input terminal ^3 of the flip-flop (S3). A term 
KT.K2.02.PO is also introduced to the input terminal S3 
of that flip-flop. A term K1.K2.03 couples the output 
terminal S3 of the flip-flop (S3) to the input terminal To 
of the write amplifier 622. 

At the end of the first word (Fw) phase, the flip-flop 
(S3) is set high by the term K1.K2.O2.P0 introduced to 
its input terminal (.S3). The flip-flop (S3) then inserts 
a "1" into the write amplifier 622 at P24 digit time of 
the first word time of the (Aw) phase by virtue of the 
term K1.K2.03 which couples the output terminal S3 to 
the input tenninal r„ of the write amplifier. Because the 
register (R) is one bit short, the inserted index digit is 
read at PO digit time of the first word time of the (Aw) 
phase by the flip-flop (Ro). 

Also at the beginning of the first word time of the 
(Aw) phase, the term Kl.K2.K3.02.P24.Ro sets the 
flip-flop (S4) false, the term Ro being true because of the 
cleared condition of the register (R). This causes the 
term K1.K2.03.C>4 to be true so that the write amplifier 
622 copies the flip-flop (Ro). This causes O's to be 
copied into the register (R) until PO digit time of the 
first word time. Then, the index digit triggers the flip- 
flop (S4) true, this being achieved by virtue of the term 
Kl.K2.K3.(52.Ro introduced to the input terminal Si of 
that flip-flop. Therefore, at the end of PO digit time of 
the first word time of the (Aw) phase, the flip-flop (S4) is 
set true. 

During the first word time of the (Alt') phase of the 
(Dv) instruction, the dividend circulates through the 
register (A) and through the flip-flop (SI), so that the 
dividend is shifted to the left before it is introduced to 
the flip-flop (AO. This is because the term Kl.K2.K3.tS 
is true. The divisor from the register (D) is introduced 
to the flip-flop (Dr) because the term K1.K2.K3.02 is 
true. The divisor is added to the left-shifted dividend 
if the flip-flop (Kc) is false, and it is subtracted from the 
left-shifted dividend if the flip-flop (Kc) is true. This is 
because the carry flip-flop (Co) is set to the add configura- 
tion by the terms Kc.A/.D/.F24 introduced to its input 
terminal c^, and the term Kc.Ai.T3i introduced to its in- 
put terminal ©»; and because the carry flip-flop (Co) is 
set to the subtract configuration by the terms 
Kc.A(.Dj.K1.P24 and Kc.Ai.Di.Kl introduced respec- 
tively to its input terminals Ca and Ca. 
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The flip-flop (Kc) is controlled at each P24 digit time 
by the terms 

/Ce= ( Ca.M-\-VaM) P24 

•fc,= (Cfl.7n.+C'a.2i)P24 
For the first word time of the (Aw) phase the flip- 
flcp (Kc) is set true if the sign digits of the oivisor and 
ividcnd are both negative or both positive and the fl.p- 
flop (Kc) is set false if the divisor and dividend are dif- 
faxnl If the flip-flop (Kc) is set false, the term 
kTT?t K3 01KC.S4 will set the flip-flop (S3) false. 
Tl-refore,' at the beginning of the first word time of the 
( AhO phase, a "0" will be inserted in the sign digit posi- 
tion of the auotient indicative of a positive answer. This 
■ 0' will later be corrected in the last word phase, because 
under the conditions described in the preceding paragrapn 

*Co::Se;;,'^t^flip-flop ^^ is set true, the terrn 
Ki K2 K1.O2.Kc.P0 will set the flip-flop (S3) true, at PO 
;"me of the first word time of the (Aw) phase^ Th, 
c"ats a -r to be inserted in the register (R) at the digit 
"nie Mlowing the index digit. This "1" is m the sign 
d"ft position of the answer and indicative of a negative 
quo ie'nt. However, under the conditions describ d 
above, the quotient should be positive and this sign digit 
is later corrected during the last word phase. 

Dmin. the first word time of (A>v) phase the divisor 
is added or subtracted from the left-shifted dividend 
depending on the state of the flip-flop (Kc) to provide the 
S remfinder in the register (A) The computer now 
enters the second word time of th^(Aiv) phase. Fh- 
flio-flop (S4) is set false by the term Kl.K2.K3.02.P24.Ra 
inlroduced to its input terminal S*, and the contents of 
Ihe flip-flop (Ro) are copied into the write amplifier 
62-^ directly by the term K1.K2.03.S4. This causes a 
Sht hi^-t in 'the register (R) because the eirculatmg 
loop causes the register to have 24-bit positions only 

The flip-flop (S4) remains false until the index digit 
again sets it true, this beng caused by the term 
Kl.K2.K3.02.Ro 

introduced to the input terminal s, of t^^ /f A^f- , J'i^"' 
the write amplifier 622 copies the contents _o£ the flip- 
flop (S3) by means of the terms S3.K1.K2.03 and 
S3 K2 03 84. The flip-flop (S3) copies the contents of 
tte flip-flop (R.) so long as the flip-flop gO t^ mie this 
being achieved through the terms Kl.K2.K3.02.S4.Ro 
and K 1 K-- K3 02.Ko. Also, the flip-flop (S3 ) is set true 
by the term Kl.K2.K3.02.Kc.Ro when the flip-flop (Kc) 
is true and the flip-flop (Ro) is true. 

The terms dsscribed above mean that for the first word 
time of the (Aw) phase, the index digit is inserted m he 
resistor (R) at PI digit time and the sign digit is mserted 
(v/ith an erroneous designation) at PO digit time, the 
remaining digits in the register (R) are "O's" at that time. 
Then, during the second word time of ^M A„) ph^.e 
the index didt is inserted in the register (R) at P2 d g.t 
time. Then, following the index digit a "1 is mserted 
into the register <R) at PI digit time if the flip-flop (kc) 
is true and if the sign digit was a "1"; and the sign digit 
is again inserted in the register (R) at PO digit time. 

In like manner, during the third word time ot the (Aw) 
phase, 'the divisor is added to or subtracted from the left- 
shifted remainder depending upon the state of the flip- 
flop (Kc) and the result of that operation sets the flip-Hop 
(Kc) for the next word time of the (AtiO phase. Ihe 
next index digit is inserted in the register (R) at P3 digit 
f'me Then, a "1" is inserted into the register (R) at 
P2 di'^it time if the flip-flop (Kc) is true and if the pre- 
vious "pi digit was a "1," the previous PI digit is copied 
into the Pi digit position in the register (R) and the pre- 
vious PI sign dieit is copied into the PO position m the 



time to word time in the {Aw) phase of the (Dy) mstruc- 
tion It is noted, that the quotient appears witn a fixed 
position in the register (R) from word lime to word time. 
The most significant digits of the quotient are formed 
first, and in the proper unshifted position m tne register 
(P) This like in the muhipUcation process permits the 
CD-ration to be terminated after any desired number of 
vJord times in the (Aiv) phase so that a properly formed 
answer may be derived at any desired time. Of course, 
as the word times proceed in the {Aw) phase, the answer 
is formed with greater and greater accuracy. ^ 

Briefly, therefore, during the first word pr.ase (I'w) o. 
tb» (Dv) instruction, the register (R) is cleared to 0. 
Then during tlie first word time of the additional word 
(Aw) phase, the register writes a "1" at P24 digit time 
and then copies "O's" through PI digit time. At PO digit 
time it writes a "1" again. This "i" acts as an index 
diPit to tell when to write the digits into the register (R). 
The two track selector flip-flops (S3) and (S4) are used 
to recirculate tlie previous quotient digits and to control 
the insertion of the new quotient digits. The flip-flop 
(S3) is used to delay the quotient digits by one bit to make 
th^ register (R) look like a 25-bit register for those cigits. 
The above operations keeps the quotient from shifting, as 
25 noted, so that each digit remains in the position where it 
was inserted. By doing this, as also noted above, it is 
possible to terminate the operation at any time and have 
the quotient in the proper position for storage in the 
memory The "O's" preceding the index digit and the 
'^^ index digit itself are recirculated without delay from the 
flip-flop \Ro) so that the index digit shifts one bit to the 
ripht for each word. This shifting index digit then indi- 
cates where the next quotient digit is to be inserted. _ 
The flip-flop (84) is used as a control to sense the index 
^^ digit and to control when the contents of the flip-flop (Ro) 
are to be directly recorded in the register (R), or when the 
contents of the flip-flop (Ro) are to be delayed through 
the flip-flop (S3) before being recorded m the register 
(R) Tlie flip-flop (S4) is set false at P24 digit time, and 
it is set true by the index digit in the manner described 
above. The index digit causes the next quotient digit 
to be copied from the flip-flop (Kc) into the flip-flop (S3) 
so that it may be recorded into the register (R). After 
the flip-flop (84) is triggered true by the index digit, the 
flip-flop (S3) copies the contents of the flip-flop (Ro) to 
recirculate the previous quotient digh with a one-bit delay 
in the register (R). This process continues from the 
Escond word time of the (An-) phase through the re- 
mainder of the word time of that phase. At the end 
of the (Aw) phase, the control flip-flop (K3) is triggered 
false, and the computer enters the last word phase (Lw). 
During this (Lv,-) phase, the quotient is transferred to 
the recister (A) along with a final correction term, with 
proper rounding of the quotient, and by means illustrated 
in FIGURE 44. 

In the logic circuitry of FIGURE 44, a term 
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register (R). 



K1.K2.K3.02 
the output of the flip-flop (Ro) to the input 
s of the flip-flop (Ai). Also, a term 

K1.K2.K3.02 
couples the output terminal Ro of the flip-flop (Ro) to 
the input terminal di of the flip-flop (DO- 

The same terms described in conjunction with FIG- 
URE 43 are introduced to the carry flip-flop (Ca) and 
to the flip-flop (Kc). The digit timing pulses P24 are in- 
troduced to the input terminal Ca of the carry flip-flop 
to set that flip-flop false at each Pji digit time. The same 
terms couple the flip-flop (Ro) to the write amplifier 
622, and couple the flip-flops (S3) and (S4) to that am- 
plifier. 

Wfip-T the coniDuter enters the last word (Lw) phase, 
" '-^ -' At 
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A 's'imiirSr^tion continues from word 75 the flip-flop (K3) is triggered false, as noted above. 



3,074,638 



45 



46 



P24 digit time of that phase, the carry flip-flop (Co) is 
triggered false. Also, the flip-flop (Ai) is false at this 
digit time because the term K1.K2.K3.02.P24 of FIG- 
URE 43 triggered it false during the least significant digit 
bearing the (Aw) phase to set that digit to 0. There- 6 
fore, at P24 digit time, the term Ai.Ca sets the flip-flop 
(Kc) false for the (Liv) phase. The carry flip-flop (Co) 
is therefore set to the subtract configuration for the last 
word phase (Lw) of the divide (Dv) instruction. 

Now, during the ("Lw) phase, the quotient is read out 10 
of the register (R) into the flip-flop (Ai). This is 
achieved by the term K1.K2.K3.02 which causes the con- 
tents of the flip-flop (Ro) to be read into the flip-flop 
(Ai). A term K1.K3.K2.P24.E<7 sets the flip-flop (DO 
false for the start of quotient round-off (assuming that the ^^ 
least significant digit in the register (R) is "0"). Then, 
as the contents of the (R) register are circulated through 
the flip-flop (Ai) and through the adder into the accumu- 
lator register, "O's" are subtracted, until the flip-flop (DO 
is set true. This occurs, for the first 1 on the quo- "" 
tient to enter the flip-flop (AO. That 1 causes the term 
Kl.K2.K3.02.Ro to be true to set the flip-flop (DO true. 
Then, during the succeeding digit times, the flip-flop (D/) 
introduces "I's" to the adder. This sets up a round-off 
operation. The term Kl.K3.02.PO sets the flip-flop 
(Di) to "0" at the sign digit time. This causes the sign 
in the quotient to be reversed, to correct for the previous 
erroneous designation. 

Therefore, as a result of the operation described above, .„ 
the rounded-off quotient is read into the accumulator 
register (A) with the sign digit reversed to the proper 
designation during the last word phase (Lw) of the divide 
instruction (Dv). At the end of the last word phase, 
the computer will enter the wait alpha (Wa) phase for gg 
the next instruction, and the rounded-off answer will then 
be circulated in the accumulator register. 

In the logic diagram of FIGURE 45, a general term 
K2.S4.02.03 prepares a path from the flip-flop (Ao) of 
the accumulator register (A) to the write amplifiers 602, 40 
604 and 606. These amplifiers, as described in conjunc- 
tion with FIGURE 7, are respectively coupled to the tem- 
porary storage channels (Mox), Mqv), and (Mqz). The 
term S2 completes this path to the input terminals of the 
write amplifier 602 associated with the temporary storage 45 
channel (Mqx), the term Si completes the path to the 
write amplifier 604 associated with the temporary storage 
(Mov), and the term S3 completes the path to the write 
amplifier 606 of the temporary storage channel (Mqj). 

During the wait beta (Wb) phase of the normal store 50 
(Sj) instruction, the beta sector number designated by 
the instruction is selected in the described manner, and 
the contents of the accumulator register are then moved 
into the selected sector of the selected storage channel. 
The latter selection is determined by the beta track num- 55 
ber portion of the instruction. The number in that por- 
tion is chosen to render the flip-flop (S4) false eo that the 
normal store instruction may be carried out, also, the 
number in the beta track section of the instruction is 
chosen to render the flip-flop (Si), (S2) or (S3) true, eo 
depending on which storage channel the information is 
to be stored. 

As indicated in the table of FIGURE 31, the modified 
store orders use the same configuration of the order flip- 
flops 01, 02 and 03 as the normal store order, namely, qs 
01.02.03. However, for the modified store orders, use 
is made of the track selector flip-flop (S3) to extend the 
possible instruction that may be carried out by the com- 
puter, and this is achieved without the concomitant re- 
quirement for additional order flip-flops. This is pos- 70 
sible, because the normal store order uses three only of 
the four track selector flip-flops. This permits the use 
of the track selector flip-flop (S4) in its true state to 
provide an additional pattern of configurations of the 
flip-flops (S3), (82) and (1 ) so that a plurality of "modi- 75 



fled store orders" may be carried out. Tlie first modified 
store order is to shift the contents of the register (A) 
to the left by the number of bits specified by the alpha 
sector number in the instruction, and then stop the 
computer. This instruction is designated by the term 
01. 02.03 .S4.S3.S2.S1. 

The first modified store order — left shift — is carried 
out by a 0I.02.03.S4.S3.S2.S1 configuration of the order 
and track selector flip-flops. As mentioned above, this 
instruction calls for a shift of the contents of the (A) 
register to the left by the number of bits specified by the 
alpha sector number in the instruction. To carry out 
this modified instruction, the order register flip-flops Ol, 
02 and 03 have the normal 1.02.03 configuration for 
the normal store order. However, the flip-flop (S4) is 
set true to indicate a modified store order. For the par- 
ticular modified store order under discussion, the flip- 
flops SI, S2 and S3 are also set true. 

In the logic circuitry of FIGURE 46, the term Kl.Ol 
and the term K1.02 both couple the flip-flop (Ao) to 
thejnput terminals of the flip-flop (Ai). The term 
K1JK2.K3.02.03.S3 couples the output terminal Ao of 
the flip-flop (Ac) to the input terminal di of the flip-flop 
(Di). The term 02.03 couples the output terminal Ao 
of the flip-flop (Ao). to the input terminal ?i of the flip- 
flop (Di). The term K2 is also introduced to the input 
terminal di of the flip-flop (DO. 

The term A;.D;.P24 couples the output terminal Kc 
of the flip-flop (Kc) to the input terminal c^ of the car- 
ry flip-flop (Cfl). The term Ai.Dl couples the output 
terminal Kc to input terminal e^ of the flip-flop (Ca). 

The output terminal K2 of the control flip-flop (K2) 
is coupled by the term Ol.O3.S4,P0 to the input terminal 
ki of the flip-flop (Kj). The term KI.O1.O2.S4.P0 
couples the output terminal K2 of the flip-flop (K2) to 
the input terminal ^3 of the flip-flop (K3). 

The term K1.'K^.K3(PI3-P9) is introduced to the 
input terminal jg of the flip-flop (S5). The term 
(/o.Sof+7o.So/)(P8— Pi) is introduced to the input ter- 
minal S5 of the flip-flop (S5). The term K1.K2.P0 
cotiples the output terminal Sj of the flip-flop (S5) to 
the input terminal ks of the flip-flop (K3). 

To carry out the left shift (Sr) instruction, the com- 
puter passes through the first word (Fw) phase, the ad- 
ditional words (AhO phase and the last word (Lw) 
phase. To enable the computer to provide single left 
shifts, the logic is arranged so that the one or more left 
shifts occur only during the (Aw) phase. It will be 
noted from an examination of the logic associated with 
the flip-flop (K2), as set forth in the appendix, that by 
making the terms SI and S2 false in the instruction, 
the computer may be made to undergo a single shift to 
the left and then enter the stop phase (Sp) (K1.K2.K3). 

During the first word (Fw) phase, the term Kl.Ol 
is true, so that the contents of the register (A) are cir- 
culated from the flip-flop (Ao) and through the flip- 
flop (Ai) to the adder. During this time, the flip-flop 
(D/) is false, having been set false at the wait beta phase 
by the term K2 introduced to its input terminal dj. Also, 
the flip-flop (Kc) is set false at the end of the wait beta 
phase, and it stays false during the first word (Fw) phase, 
and during the additional words (Aw) and last word 
(Lit') phases. The flip-flop (Kc) in its false state sets 
the carry flip-flop (Ca) to its add configuration, as de- 
scribed above. 

Therefore, during the first word (Fiv) phase, the con- 
tents of the accumultaor register (A) are circulated 
through the adder in which they are added to 0. The 
resulting contents in an unshifted condition are again 
written into the magnetic drum channel by the write 
amplifier 616. At the end of the first word (Fw) phase, 
however, the flip-flop (Kl) is triggered true by the term 
K1.O1.O3.S4.P0 and the flip-flop (K3) is triggered true 
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by the term K2.Kl.Ol.O2.S4.P0. Therefore, the com- 
puter enters its additional words (Aw) phase. The terms 
K1.K2.K3.02.03.S3 and 02.03 now are both true, so 
that the contents of the flip-flop (Ao) are read into the 
flip-flop (Di). The contents of the flip-flop (Ao) con- 5 
tinue to be read into the ffip-flop (AO. Therefore, the 
contents of the accumulator register is passed through 
the adder from both the flip-flops (Ai) and (Di). The 
flip-flop (Ca) is set so that the contents is added to it- 
self in the adder effectively to provide a left shift. TTiis 10 
occurs during each word time in the additional words 
(Aw) phase. 

At the first word time of the additional words (Aw) 
phase, the term K1.K2.K3(F13-~P9) sets the flip-flop 
(S5) true at the beginning of the time of the alpha sec- 15 
tor number in the instruction circulating through the 
instruction register. As long as that number is different 
from the S^t channel number, the flip-flop (S5) is re- 
turned false before the end of the word time by the 
XMm {loMot-\-7o.Sot){P8—P3). Each time that occurs, 20 
the computer stays in its additional words (Aw) phase 
for an additional word time, and the contents of the 
accumulator register (A) undergo a further left shift. 
However, when coincidence does occur, the flip-flop S5 
remains true, and at Pq digit time, the flip-flop K3 is set 2S 
false so that the computer enters its last word (Lw) 
phase. The last digit of the word in the accumultaor 
register (A) is previously set to 0, so that the term 
A(7.O2.03 sets the flip-flop (DO remains false during 
that phase so that no further left shift occurs in the regis- 
ter (A). 

In like manner, different configurations of the track 
selector relays can be used for additional modified store 
orders, and without changing the configuration of the 
order flip-flops, or requiring any additional order flip- 
flops. In a constructed embodiment of the invention, 
for example, the configuration S4.S3.S2.Sl, in conjunc- 
ition with 01.02.03 configuration of the order flip-flops, 
was used to set the control flip-flops Kl, K2, K3 to the .q 
K1.K2.K3 configuration which set the computer to the 
"stop" phase. Also, in a constructed embodiment of 
the invention, other configurations of the track selector 
flip-flops, in conjunction with Ol .02.03 configuration 
of the order flip-flops is used to control certain relays. 45 
In each instance, the S4 flip-flop is set true to distinguish 
the modified store orders from the normal store order. 
Then, the S3.S1.S2, the H3.S1.S3 and the S3.S1.S2 con- 
figurations of the other track selector flip-flops are used 
to reset a manual input relay, set a "fix" relay and reset go 
the "fix" relay respectively. As noted above, the flip- 
flop S4 in its false state was used in conjunction with 
the O1.O2.O3 configuration for normal store orders. Then, 
when the flip-flop SI is triggered true, the storing is 
placed on (Mov) channel, v/hen the flip-flop 52 is true 55 
the storing is on the (Mox) channel, and v/hen the flip- 
flop S3 is true, the storing is on the (Moz) channel, as 
described above. 

A plurality of manually initiated control signals Ri, 
R2 and R3 are utilized to start up the computer. For ex- gg 
ample, the control signal R3, for example, sets the com- 
puter initially to its stop phase (Sp), and clears the in- 
struction register (lo) to all I's. This control signal 
R3 sets the control flip-flops to the K1.K2.K3 configu- 
ration for the stop phase (Sp). Also, this signal sets gg 
the order flip-flops to a one word operation, such as add 
(01.02.03) or extract (Ol.02.03). 

Then, the manually initiated control signal Rl takes 
the computer into the wait beta (Wb) phase and it stays 
there for one drum revolution. Then, it causes the com- 70 
puter to pass through a first word (Fk') to a wait alpha 
(Wa) phase. During this initial wait alpha (Wa) phase, 
and as mentioned above, the first instruction is looked 
for in sector "0" of channel "31" in the (Moy) section 
^of the drurn. 75 



An accurate record of the total elapsed time from the 
beginning of the program is maintained on tl'e (Mox) 
channel of the magnetic drum. This is achieved without 
precisely synchronizing the drum with a timing source, 
and without driving the drum at a precisely determined 
rotational speed. The total elapsed lime is maintained in 
binary code on the (Mox) channel, and may bo read by 
the read head associated with the read amplifier 600 
(FIGURE 7). As mentioned in the description of FIG- 
URE 7, the Mox) channel has a separate read bead which 
is displaced eight words from the write head of that chan- 
nel, and this read head introduces its signal to the read 
amplifier 6C0. The amplifier 600, in turn, activates the 
read flip-flop (Mo.v). This record of elapsed time en- 
ables different matrices to be driven by the flip-flop (Mav) 
which are to respond after particular time intervals have 
elapsed, or which are to control circuits at predetermined 
intervals. Such a system is particularly useful, when the 
computer of the invention is utilized for the solution of 
celestial navigational problems. 

A representation of the system used for recording the 
total elapsed time is iflustrated in FfGURE 47. The 
system includes a precision frequency source (PFS), and 
this source is used to supply a train of output pulses which 
have a precisely controlled repetition frequency. This 
repethion frequency may, for example, be 720 pulses per 
second. The source (PFS) may be frequency stabilized, 
for example, by a tuning fork. Commercial units are 
known which are suitable for constituting the source 
(PFS). Such units, for example, are known which have 
an error which is less than one part in ten thousand. 

The {M.OX) channel on the magnetic drum has a plu- 
rality of its sectors allocated for time standard purposes. 
These sectors are chosen, for example, to be read into 
the read amplifier 608 every eight word times, and they 
may be identified by the ('VV1.W2.W3) configurations of 
the word counter of counter of FIGURE 13. As de- 
scribed above, the word counter is synchronized with the 
magnetic memory drum, and it is controlled to undergo 
sixty-three successive configurations, as shown by the 
table of FIGURE 48. As illustrated in that table, the 
(W1.W2.W3) configurations of the word counter identify 
the sixth, fourteenth, twenty-second, thirtieth, thirty- 
eighth, forty-sixth, fifty-fourth and sixty-second sectors. 

The magnetic memory drum of the computer may have 
a rotational speed, for example, of 100 revolutions per 
second. Therefore, a time standard word sector of the 
(Mox) channel of the drum reaches the write head as- 
sociated with the write amplifier 602 at a rate of 

64/8x100=800 

times per escond, there being 64 sectors in the (Mox) 
channel on the drum (as explained above). The read 
head associated with the read amplifier 600 reads each 
time standard word sector eight word times after it passes 
the write head mentioned immediately above. Therefore, 
any information written into a time standard sector on the 
(Mox) channel of the drum at a W1.W2.W3 word time is 
read out of that sector at the next Wl.W2.W3 word time 
for recirculation, as will be described. 

The system of FIGURE 47 includes the precision fre- 
quency source (PFS) referred to above. This source in- 
cludes an output terminal at which the 720 p.p.s. output 
pulses appear. These output pulses are designated (Y), 
and they are introduced to the input terminal t^ of the 
flip-flop (Ts). A term P24.Wi.W2.W3 couples the out- 
put terminal Cn of the flip-flop (C«) to the input terminal 
7s of the flip-flop (Ts), and a term W1.W2.W3.P0 
couples the output terminal Tg of the flip-flop (Ts) to the 
input terminal c^ of the flip-flop (Cn). 

A term W2.W3.P0 is introduced to the input terminal 
c„ of the flip-flop (Cn). Also, a term Wl.W2.W3 
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couples the output terminal Mox of the flip-flop (Mox) to 
the input terminal 5^. A term 

W1.W2.W3 (C^Mm+cIMox) 

is introduced to the input terminal M^x of the write am- 
plifier 602. A term (CnMoS+Cn.Mox) is introduced to 
the input terminal Mox of the amplifier 602. 

All the time standard sectors in the (Mox) channel on 
the magnetic drum are originally cleared to zeros before 
a particular program begins. The flip-flop (Cq) serves 
as a "carry" flip-flop for a simple incremental adder 
formed by it and the flip-flop (Ts). 

At the beginning of the program, the term W2.W3.P0 
sets the flip-flop (Cn) false at the end of the word time 
(W2.W3) just preceding the time standard sector word 
time W1.W2.W3 (see FIGURE 48) . Then the first pulse 
(Y) from the source (PFS) sets the flip-flop (Ts) true. 
This causes the flip-flop (Cn) to be set true at the end of 
the word time W1.W2.W3 just preceding a time standard 20 
sector word time Wl.W2.W3 by the term 

Wl.^^.W3.P0.T.y 

The flip-flop (C«) remains true, in typical carry manner 25 
until a zero digit during that time standard sector word 
time causes the term Mox.wT.W2.W3 to be true so as to 
set the flip-flop (Cn) false. 

Therefore, during the first time standard word time of 
the program, the time standard word in one of the time 30 
standard sectors in the (Mox) channel (which is now 
zero) is read through the circuitry of FIGURE 47, and a. 
"I" is added to the least significant digit position of that 
word. The new time standard word is written into the 
next time standard sector of the (Mox) channel through 35 
the write amplifier 602. This new word is read during 
the next time standard word time and introduced to the 
read amplifier 600, and the above described operations are 
repeated so that another "1" may be added to the time 
standard word. In this manner, the time standard word 40 
is circulated through the circuitry of FIGURE 47 from 
one time standard sector to the next on the (Mox) chan- 
nel, and with a "1" being added to the number for each 
such circulation. This action continues for each succes- 
sive pulse from the source (PFS), Each such pulse .^ 
causes a digit to be added to the time standard word as 
it is circulated from one sector to the next on the (Mo.*) 
channel of the magnetic memory drum. 

It will be appreciated, however, that the magnetic mem- 
ory drum is assumed to be rotating at 100 revolutions a -g 
second, and therefore assumed to be a time standard word 
at each eighth sector position in the (Mo;*;) channel. 
Therefore, the time standard words are read by the read 
head associated with the amplifier 600 at a rate of 800 
times a second. However, the pulses from the source gg 
(PFS) recur at a rate of 720 pulses per second. There- 
fore, after a number of drum revolutions, a term 
W2.W3.P0 will reoccur prior to a succeeding pulse from 
the source (PFS) and when the flip-flop (Cn) is still 
false. When the next pulse from the source (PFS) does qq 
occur, and the carry flip-flop (Cn) is again triggered true 
by the term Wl.W2.W3.P0.Ts in the described manner, 
a "1" will again be added to the time standard word of 
the (Mox) channel. However, in the interim, the pre- 
vious time standard word in that channel is circulated 55 
without change due to the composition of the input terms 
to the write amplifier 602. 

In a manner described in the preceding paragraph, each 
pulse from the precision frequency source (PFS) causes 
the total time record on the (Mox) channel, which is in 70 
binary coded form, to increase by one digit. Moreover, 
this is achieved without the need for any precise driving 
speed of the magnetic drum, or for precise synchroniza- 
tion between the drum and a timing source. It has been 
found that an accurate total elapsed time record can be 75 
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maintained on the drum, so long as the speed of the 
drum remains within 10 percent of the equality value 
with the established time standard. 

The logic required to perform a typical output opera- 
tion is illustrated in FIGURE 49. In such an operation, 
for example, the digital output numbers are converted to 
■analog quantities, and each analog quantity is used to 
control the charge on a capacitor unit. The resulting 
charge across the capacitor unit represents a computed 
result from the computer, and may be used to perform 
any desired control or indicating function. The charges 
across the different capacitor units are also converted 
back to digital numbers and fed back into the computer. 
The resulting returned digital numbers are then com- 
pared with the respective output numbers so that ap- 
propriate charges may flow into the capacitor unit until 
servo equilibrium is established. AVhen such establish- 
ment has been achieved, the charge across the particular 
capacitor unit is the analog equivalent of the correspond- 
ing computed output number from the computer. A 
plurality of such capacitor units may be used in con- 
junction with the computer, and the word counter de- 
scribed in conjunction with FIGURE 13 and in the table 
of FIGURE 48 may be used to control an appropriate 
matrix, so that the different capacitor units may be gated 
into circuit at different particular word times. Such an 
arrangement provides a continuous cyclic control of the 
capacitor units. 

The different output numbers are fed from the ac- 
cumulator register to the (Mox) temporary storage chan- 
nel on the magnetic memory, as mentioned above. This 
storing is in response to a normal store (Sr) instruction, 
together with the S2 address designation. Therefore, 
and as illustrated in FIGURE 49, a particular output 
number is stored in a designated sector of the (Mox) 
temporary storage channel by means of the term 
K1.K2.02.03.S4.A.3.S2 which is introduced to the 
input terminal wiox of the write amplifier 602, and by the 
term Kl.K2.02.03.S4.AcS2 introduced to the input 
terminal wiox of the write amplifier 602. 

The output system utilizes the flip-flop (Cc), the in- 
put-output flip-flop (Mn), and the borrow flip-flop (Cn). 
The system of FIGURE 49 also uses an analog-to-digital 
converter (CONl). This converter may be similar to 
the analog-to-digital converter described in the copend- 
ing application Serial No. 836,537, filed August 27, 1959, 
of Robert Mclntyre. A plurality of capacitoi^ units, such 
as those referred to above are also utilized, four such units 
being illustrated in FIGURE 50 and designated CI, C2, 
C3 and C4. 

The term WJ.W2.W3(MoxJ!n+'MoxMn) is intro- 
duced to the input terminal c^ of the flip-flop (Cc). The 
term W1.W2.P24.C«, and the term Wl.W2.W3.P24 are 
both introduced to the input terminal c^ of the flip-flop 
(Cc). The term Mn.Wl.W2.W3.Slox,FO, and the term 
Wl.W2.W3('Mox.Mn+Mox.'Mn)?0 are introduced to 
the input terminal c„ of the flip-flop (Cn). The term 
Mox.Wl.W2.W3.Mn.P0, the term 

Wl.W2.W3(Mox.irn+'Mox.Mn)PO 
and the term W1.W2.W3. PC are all introduced to the 
input terminal Cn of the flip-flop (Cn). 

The output terminal Cn of the flip-flop (Cn) is coupled 
by a term W1.W2.W3.P0 to the input terminal of a con- 
trol unit No. 1. A term W4.W5.W6 couples the control 
unit No. 1 to the capacitor unit CI; a term W4.W5.W6 
couples the control unit No. 1 to the capacitor unit C2; 
a term W4.W5.W6 couples the control unit No. 1 to the 
capacitor unit C3; a term W4.W5.W6 couples the control 
unit No. 1 to the capacitor unit C4. 

The output terminal Cc of the flip-flop (Cc) is coupled 
by a ter m wT.W l.WS.PO to a control unit No. 2. A 
term W4.W5.W6 couples the control unit No. 2 to the 
capacitor unit CI; a term W3.W5.W6 couples the control 
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unit No. 2 to the capacitor unit C2; a term W4.W5.WG 
couples the control unit No. 2 to the capacitor unit C3; 
and a term W3.W5.\V6 couples the control unit No. 2 
to the capacitor unit C4. 

The control unit No. 1 may be of any known construc- 
tion, and it responds to an input signal to supply a par- 
ticular negative charge increment to a corresponding one 
of the capacitor units C1-C4 whenever a path is com- 
pleted to that capacitor unit. The control unit No. 2 
may be similar to the control unit No. 1, with the ex- 
ception that the control unit No. 2 responds to an input 
signal to supply a particular positive charge increment to 
respective ones of the capacitor units C1-C4 upon the 
selection completion of appropriate paths to the capacitor 
units. 

The capacitor unit CI is coupled to the analog-to-digital 
con verter ( CONl) by the term W3.W5.W6. A term 
■W4.W5.WQ couples the capacitor unit C3 to the con- 
verter (CONl), and a term 'W4.W5.W8 couples the ca- 
pacitor C4 to the converter (CONl). It will be appre- 
ciated that more or less capacitor units may be used, and 
that the W4, W5 and W6 terms are word timing terms 
which couple the different capacitor units into the activat- 
ing circuits at different word limes. 

The output numbers on the (Mar) temporary storage 
channel may be stored at sectors occurring each eight 
word times. For example, with reference to FIGURE 
49, the output numbers may be stored at the sectors oc- 
curring at the seventh, fifteenth, twenty-third, thirty-first, 
thirty-ninth, forty-seventh, fifty-fifth and sixty-third word 
times. Each of the sectors is identified by the WI.WI.Wj 
configuration of the ivord counter, this configuration oc- 
curring every eighth word time of the word counter. 

The terms associated with the capacitor units C1-C4 
cause a different capacitor unit to be brouglit into the 
circuit for each one of these different output number word 
times. For example, the capacitor unit CI feeds its out- 
put into the analog-to-digital converter (CONl) during 
the first eight word times of the table of FIGURE 49 
during which the term W4.W5.W6 is true, and the result- 
ing digital output from the converter (CONl) actuates 
the flip-flop (Mil). During the eighth word time of the 
table of FIGURE 49, when the term W1.W2.W3 is true, 
the resulting output from the flip-flop (Mn) due to its 
actuation by the digital signal from the converter (CONl) 
and corresponding to the charge across the capacitor unit 
CI is introduced to the flip-flop (C;i). At the same time, 
the corresponding output number from the temporary 
storage channel flip-flop (Mo.t) is introduced to the flip- 
flop (Cn). 

The flip-flop (Crt) is set false at the end of the seventh 
word time by the term Wl.W2.W3.PO which is introduced 
to its input terminal Cn. Then, during the eighth word 
time, the output from the flip-flop (Mn) is compared 
with the output from the flip-flop (Mox) in the flip-flop 
(Cn). This comparison is carried out from P24-P1 
digit times in the eighth word time by the term 
Mn.iroS.Wl.W2.W3.P0 introduced to the input terminal 
Cn, and by the term Mm.Mair.Wl.W2.W3.P0 introduced 
to its input terminal c^. 

If the number from the flip-flop (Mn) is greater than 
the corresponding number from the flip-flop (Mox), the 
flip-flop (Cn) will be in a true state at PO digit time 
at the end of the eighth word time. This means that 
the charge across the capacitor unit CI is too high, and 
the control unit No. 1 is activated through the term 
W1.W2.W3.P0 from the output terminal Cn. Then, at 
the ninth word time, the term W4.W5.W(5 becomes true 
so that a negative charge from the control unit No. 1 
is introduced to the capacitor unit CI to reduce the 
charge on that unit. This is, repeated for each revolu- 
tion of the drum until the charge on the capacitor unit 
is reduced to a level such that the output number from 



the flip-flop (Mn) is the same as the output number read 
out of the flip-flop (Mn). 

The same operation is performed for the capacitor 
unit C2 during the following word times. At the ninth 

5 word time, the term W4.Wu.W6 becomes true to con- 
nect the capacitor unit C2, rather than the capacitor unit 
CI, to the analog-to-digital converter (CONl). Then, 
if the charge on the capacitor unit C2 is too high; the 
control unit No. 1 is activated at the end of the sixteenth 

10 v.'ord time, and the charge on the capacitor unit C2 is 
reduced during the seventeenth word time as the term 
Vv'4.W5.W6 becomes true. In like manner, the capaci- 
tor units C3 and C4 are successively connected at sub- 
sequent word times to the analog converter (CONl) and 

15 the charge of these capacitor units is reduced to be the 
equivalent of their corresponding output numbers, if 
their original charge is too high. 

If, on the other hand, the charge on a capacitor imit, 
such as the unit CI is too low, so as to introduce a nega- 

20 tive error, the output number from the flip-flop (Mn) 
will be less than the output number from the flip-flop 
(Mox), and the flip-flop (Cn) will be in a false state 
at the end (PO) of the eighth word time W1.W2.W3. 
This vAll cause the flip-flop (Cc) to be in a true state 

25 during the ninth word time (WT.W2.W3). This is be- 
cause the flip-flop (Cc) is set false at the beginning of 
the fifth word time of the term Wl.W2.W3.P24, and it 
is set true at the end of the eighth word time by the 
term V/y.W2.Wi(Mox.JTn+Mox.Mn) so long as the 
number read out of the flip-flop (Mn) during the eighth 
word time is not equal to the number read out of the flip- 
flop (Mox) at that word time. However, if the number 
read out of the flip-flop (Mn) is greater than the number 
read out of the flip-flop (Mox) during the eighth word 
time, the flip-flop (Cn) is true at the end of that word 
time, as described above. This causes the term 
^vT.W2.P24.Cn to trigger the flip-flop (Cc) false at the 
beginning of the ninth word time. The flip-flop (Cc) 
is, therefore, true during the ninth word time, only if 
the charge on the capacitor unit CI is too low. 

The true condition of the flip-flop (Cc) during the 
ninth word time causes the control unit No. 2 to be acti- 
vated and this latter control unit introduces a positive 
charge to the capacitor unit (CI) at the tenth word 
time when the term W4.Wu.W0 is true. In like manner, 
the capacitor units C2, C3 and C4 have their charges in- 
creased when the presence of too high a charge on any 
one of these units causes the flip-flop (Cn) to be false 
at the end of the comparison period. 

The term Wl.W2.W3.('Mox.Mn+Mox.Mn)P0 intro- 
duced to the left and right input terminals of the flip-flop 
(Cn) together with the appropriate cross terms Cn and 
Cn (not included) causes the flip-flop to be unafl'ected by 
the sign digits of the numbers from the flip-flop (Mn) 
and from the flip-flop (Mox) if the signs are the same. 
However, if the signs are diflierent, the flip-flop (Cn) 
is caused to be triggered to its opposite state at the PO 
digit time to reverse the procedure and operations de- 
scribed above. 

Therefore, if one of the compared numbers is greater 
than the other, the term Wl.W2.W3.PO.Crt causes the 
selected capacitor unit to be charged negatively by the 
control unit 1 so as to overcome a positive error. How- 
ever, if the error is negative, the term Wl.W2.W3.P0.Cc 
causes the corresponding capacitor unit to be charged 
positively in the following word time by the control unit 
#2 to overcome this negative error. For each succeed- 
ing drum revolution, the comparison is made of each of 
the capacitor units, and at successive W1.W2,W3 word 
times. When equality is reached, and the charge across 
a particular capacitor unit corresponds to its output 
number on the (Mox) storage channel, the flip-flop 
(C;;) is false at the corresponding W1.W2.W3 word 
75 time, and the flip-flop (Cc) is false at the word time 
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W1.W2.W3, for the reasons explained above. Under 
these conditions, no compensating voltage flows into the 
capacitor units of either polarity, and the voltage across 
the capacitor unit remains at its value of equality. The 
flijj-flop (Cc) is false during this latter condition, because 5 
the term Wl.W2.Wi.(Mox.I!n+IIox.Mn) does not be- 
come true to set the flip-flop (Cc) true during the 
W1.W2.W3 word time. 

A suitable circuit for the capacitor units, such as the 
units CI, C2, C3 and C4 in FIGURE 49, is shown in 10 
FIGURE 50. Each of these capacitor units may incor- 
porate, for example, a capacitor 2000 and a capacitor 
2002. Each of these capacitors has a grounded terminal. 
The ungrounded terminal of the capacitor 2000 is con- 
nected to the cathode of a diode 2004 and to an output 15 
terminal 2006. The ungrounded terminal of the capac- 
itor 2002 is connected to the anode of a diode 2008 and to 
an output terminal 2010. The output from the unit is 
derived across the output terminais 2006 and 2010. 

The anode of the diode 2004 is connected to a resistor 20 
2012 and to the anode of a diode 2014. The resistor 
2012 is connected to the positive terminal of a source of 
direct voltage which may, for example, have a potential 
(if 25 volts. The cathode of the diode 2008 is connected 
to the anode of a diode 2016 and to a resistor 2018. The 25 
resistor 2018 is connected to the negative terminal of a 
direct voltage source. This direct voltage source may 
have a potential, for example, of 25 volts. A first input 
terminal 2020 is connected to the cathode of the diode 
2014. Tliis input terminal may, for example, receive a 30 
positive input from the control unit # 1 when the flip-flop 
(Cn) is true at W1.W2.W3.P0 time. Otherwise, the volt- 
age of the input terminal 2020 is reduced to zero. 

The cathode of the diode 2016 is connected to the 
emitter of a transistor 2022. The transistor 2022 may be 35 
an NPN transistor, and it is connected as an emitter fol- 
lower. The emitter of tlie transistor 2022 is connected 
to a resistor 2024 which, in turn, is connected to the neg- 
ative terminal of a direct voltage source. This source 
may have a potential of, for example, 35 volts. ^f* 

The collector of the transistor 2022 is connected to the 
positive terminal of a direct voltage source. This latter 
direct voltage source may, for example, have a potential 
of 25 volts. A second input terminal 2026 is connected 
to the base of the transistor 2022. The input terminal 45 
2026 may, for example, receive a positive potential from 
the control unit #2 during the comparisons made in the 
system of FIGURE 49 and when the flip-flop (Cc) is true 
at Wl.W2.W3.P0 time. Otherwise, the potential intro- 
duced to the input terminal 2026 is reduced to zero. ^" 

Whenever the potential introduced to the input terminal 
2020 is reduced to zero, the diode 2014 becomes con- 
ductive, and reduces the potential at the anode of the 
diode 2004 essentially to ground potential. A positive 
charge is normally developed across the capacitor 2000, 
so that the diode 2004 is rendered non-conductive. Like- 
wise, whenever the potential at the input terminal 2026 
is reduced to zero or ground potential, the resulting neg- 
ative potential, the transistor 2002 is non-conductive and »„ 
the emitter potential is substantially at zero volts. This 
causes the diode 2016 to be conductive, and to establish 
the cathode of the diode 2008 at essentially zero or ground 
potential. A negative charge is normally estabhshed 
across the capacitor 2002, so that the diode 2008 is non- qq 
conductive. 

Under the conditions described in the preceding para- 
graph, in which the input voltage at the terminals 2020 
and 2026 is essentially zero, a positive charge exists across 
the capacitor 2000, and an equal and opposite negative 70 
charge exists across the capacitor 2002. Therefore, the 
error voltage across the output terminals 2006 and 2010 
is essentially zero. 

However, when a positive voltage is introduced to the 
input terminal 2020, the diode 2014 becomes non-con- 75 
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ductive, and the diode 2004 becomes conductive to permit 
a current flow into the capacitor 2000 to increase the 
positive charge across that capacitor. This occurs when 
the flip-flop (Cn) is false and the flip-flop (Cc) is true to 
indicate a negative error, and this charge compensates for 
that error. 

Likewise, when a positive voltage is introduced to the 
input terminal 2026 indicative of a positive error, and 
when the flip-flop (Cn) is true at PO digit time, the re- 
sulting conductivity of the transistor 2022 causes the emit- 
ter of that transistor to be positive. The diode 2016 is 
now rendered non-conductive, and a negative current 
flows through the diode 2018 to increase the negative 
charge on the capacitor 2002. This produces the desired 
compensation for the positive error. 

The invention provides, therefore, an improved elec- 
tronic digital computer which is constructed to be ex- 
tremely compact in size and light in weight. 

To assist in the reduction of size of the computer, the 
number of instructions which may be handled by the 
computer directly have been reduced to a minimum. 
Hov/ever, the dual use of the track selector flip-flops for 
order register purposes, in accordance with the concepts 
of the invention, extends the number of possible instruc- 
tions which may be executed by the computer without a 
corresponding increase in the number of components re- 
quired, or in a concomitant increase in associated logic 
circuitry. 

The above factors, and other considerations, cooperate 
in the present invention to result in an extremely useful 
and flexible general purpose digital computer. The re- 
sulting comput2r of the present invention is capable of 
operating with a high degree of speed and precision and 
yet it may be packaged into an extremely small housing. 

Appendix 

The following is a list of the terms and logic utilized 
in the computer described in the preceding specification, 
and an indication as to how the different logic equations 
are derived. The various terms have been fully identified 
in the specification. 

(A) Emitter followers: 
/s={Z3.T4.i<Cl .Z2-|-ZT.a:w 

ir4.ES -1- Tr( rs-f Tl.r2) ] }T5 
fi=(Io.Sot+To.Sot) 
f^=(Ca.M-{-17a.Ai) 
T&=iCa.Ai+Ca!Ai) 
70=75+13+72+11 
'P2i=T5+7i + T3 + Tl 
P0=T5.T3.T2.T1 
P24=75.r4.T3.I'l 

(B) Signals: 

ITs — Time standard] 
RI, R2 and R3— Control face 
E/,E/, E/*, G, G*, G,L,L, J, J, Md, E, E— Test and 
fill equipment signals 

(C) Coincidence flip-flop (Ke) : 

fee 

(1) PQ.'m.KZ . , . (Wa+Ws)PO 

(2) pQ.mx&m . . . (Fw+r'a)s^-po 

(.Ad+Su+At+Mu) 

(3) Kl.'E2M.O3.P0 . . . (Aw+Lw) 

Ud+Su+At+MuySS-PO 

(4) K2.KS(P13~P9) . . . (iVf,+Ir}(P13-P9) 

(5) m.'F2.02(Ai.Ca+Ai.Ca)P24 ... 

{Aw+Lw)(Ad+At+Ex+Dv)I^.P24 
Therefore : 

k^=P0JCl(K2+l^m) +T5.74.K2.'E:b 

+Kl.'ES(P0MM+V2:Fa.24) 
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(2) n.K2.O3.P0 . . . (M^a+Wb) 

(3) Zl.iC2.O1.3^.P0 . . . (Wa+Wb) 

(4) El.3r2.^:3.ii5.po . . . 

(Fw)X3(v4rf+5«+^/+MH)P0 -■ 

(7) 2T.X2(/o.So?+;o.5o?)I^.r4 . . . 13 



(1) R3 

(2) fO.7 

4 S'l2Ol.O3.S4.P0 . . . (F,v)(Dv+5r)S4.P0 

(5) 7cIir2.Ol.O2.O3.P0 . . . (Fw)(r>v)PO 

(6) -Kir2mm.Ao . . . {Fw)iMu + Tc)Ao 

(7) m.-K2.Ol.OZ.l'0 . . . (Fw)(Mu+Tc)PQ 

Therefore: 



7v, 



(PyA+W'B)F'(P24-P19) 



(1) n7C2(n.02.1o.PO . . . (F^v)iMu+Tc)l:5.n 
^^^^•^■^^•^^■^"■■''V.+ ^B+Fw)rc.^/.P24 

(3) Xl.it2.55.P0J . - . I^Lw+Aw)S5.P0J 

(4) Kl.K2.MdIF.P(>.J . . . (.Sr+lr)Md.Ef*.PO.} 

(5) m.K2.Kc.P0.J . . . (Wa+Wb)Kc.PQJ 

Therefore: 

r^=Tam.O2l31i.'K2.T0+O3.Ai.P24] _ 

+PO{Kl \_K2.S5+Md.KZ.En+Kl.K2.Kc)J 

5 (G) Order flip-flop (Ol, 02 and 03): 



30 



(«>^-^^<^'''^+^^t?;S24)pi9H-P8/P3) 

Therefore: ___ , 20 

r-S1{X2[P0(O2+O3.Ol./lo)+F/.T5(T4+K3)] 

+MmP0}+Xl.Z2(O3.F«.P24 + O2.S3.P0) 

(D) First control flip-flop (Kl): 

h 

i- I \ pT 

(2) r2.TJi.O2.P0 . . . (Lw+Aw+Fw){Mu'=Tc)PO 

''^^'■'''■''■''■'',L.+A.+F.HDr+Sr)S4.P0 

(4) ^2Ol.O3.U§.P0 . . . (^Lw+Aw+Fw){Dv)PO 

(5) A'2.&.:^.P0 . . . (W^+Ir)Kc.PO 

(6) K2.Kcmm.O..P0^^^^ ^^^^^^^^^^^ 
(7j J PO 35 (H) Word counter (W1-W6) 

Therefore: 

k,-R3,+P0{g2[Ul.O2+Ol.OJ(S4+'^)l_ 
k.^Ki+fUU -r ,j^2.Kc(M+'01-02.03)+7} 

40 
d) P0.J.K2M ._^{W^+W^+Sr+Ir)PO.J.-m 

'''''■'■'''■'''■''' ■{w.+W^+Sr+Irm.-W-e.POJ 
(3) P0./.X2.:^ . . . {Wi,+l'-)J-P^ 43 

Therefore: 

7^^=P0./{W-f « 1 .1V^+KS}K2 
(E) Second control flip-flop (K2) : 
ki 

(1) «3 

(2) J.PO 

(3) K1.E3.P0 . . .ar+Lw)PO 

(4) i:i.Ol.O2.Sl.S2.P0 ... . ^TT7^ pn ^^ 

(5) irT.01.03.PO . . . (W^+W^+Fw)(Ad+Su)PO 

(6) ^-O'l-^^-^*'^" •^^^,.^+P.)(.„+5.)P0.^ 

(7) n.01.^.PO . . . ^Wj,+ W^+F^v){At+Ex)PO 60 

Therefore: , ... /ci\. 

,^ ^, ^-,-<«5Trr% fj> Track selector flip-flop (al). 

/:,_i{3-i-P0lJ-t-A ];:-;jjfoi(^3+o2.S4)-fm.(55]> g. 

^: 



oi=(i«:i.K2.E3H-Z.)02 

^=(K1.K2.A'3H-L)02 

(72=(/<1.7a.7i'3-|-L)03 

7j;=(Xl.K2.E3-l-i)03-VK3 

o^=={Kl.K2.KS.Moy+L.E+Ri) 

-irs=UCl.K2.'K-d.Moii+L.E+R3) 



Wi^PO+Sot.TS.m 

w'i=PO 
W2=P0»'l-|-5or(P13-P9) 

W3=P0.Wl.W2+Sot{Pli-P9) 

1S:=.F0.WI.W2 , „„^ 

wl=PQ.Wl.W2.W3+Sot(.Pn-P9) 

^^=:PQ.IV1.W2.W3 
wl=P0.Wl.W2.W3.W4+Sot{Pn-P9) 

^^=P0.Wr.W2.W3.W4 
we=P0.Wl.W2.V/3.W4.W5+Sot(.Pl3-P9) 

^^=P0.Wl.W2.V/3.W4.W5 

50 (I) Bit counter (T1-T5): 

t^=f5 + n + T2.Sot 

h=Tl 

ts=Tl.T2 
r^=Ti.T2 
t^=Tl.T2.n.TtJ 

7;=n.r2.T3.r5 

?5=Tl.r2.T3 

^^T2m.Tl+Ti.T3.Tl) 



a)Kl.X2.i.c.y(D^+01-f02)P^^._.^^^^^^^^^ 



Therefore: 



r^^-m.K3.Kc.j(m+oi+m)Fo 



(F) Shared control flip-flop (K3): 
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(2) .2.F. . . . S2i,w^+if^[!^-:p,,,i;;,y 

Therefore: .^ „, ^ 

ii=Xl.E2.K3.^o.U2-f52.Fs 

(1) Kl.Ii?.K3.Z3.'02 . . . {Aw){Ad+At 

^^ +Ex+Dv)i:o 

(2) S2.F.J 



S7 
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Therefore; 

s'i=Kl.'E2.K3.'JoJS2+'S2.Fs 

(K) Track selector flip-flop (S2) : 

(1) Do.'Sl.'K2.m.P0 . . . {Fw)Do.PO{Dv+Ao 

+At+Ex) 

(2) Kl.m.K3(m+T^)Do . . . (.AW)(.Ex+Dv 

-\-Ad+Su+At+Mu)Do 

(3) S3.FS . . . ^3{(»'A+>^BKn8-PH)^^_^^^^ 10 (O) Accumulator flip-flop (AO : 
Therefore: 

j2=J3o.Z2[ZT.U2.PO+i<:i.A:3((52+U3)]+53.Fj 



Therefore: 
__ *5=ii:i.lS.X3{P13-P9)-i-/o.Fj 

(1) 7o.Fs 

(2) Xl.ZS.X:3.F/.!r5.T4 
. . . {Aw){P%—P3)(IoMt+To.Sot) 

Therefore: 

Ti=K\ :K2.K3 .Fi.T5.1^+7o.Fs 



d,: 



(1) 7iJ.'K2m.po.m ^^ 

. . . (Fw)^.PO{Dv+Ao+At+Ex) 

(2) Kh'K2.K3(U2+V3)'nd 

. . . {Aw)lEx+Di)+Ad+Su+At+Mu)'IJd 

(3) M.Fs 20 

Therefore : 

T2=TJd.lS2lIll.T^.P0+Kl .K202+1M) ] +M.Fs 
(L) Track selector flip-flop (53) : 
Sa- 
il) Kl.l!^.K3.7^.Ro(Kc+S4) 

. . . (Aw)(.Ad+At+Ex-i-Dv)Ro(Kc+S4) 

(2) n.zs.^.po . . . 

(Fw) {Dv+Ao+At+Ex)PO 

(3) Kl.'^.KiM.SA 

. . . (AMf) (At+Mu+Tc+Ex)S4 

(4) S4.FS . . . S4{(Wa+Ws) 

(P18-P14) + (H^A+iM') (F13— P9)} 
Therefore; 35 
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(1) AO.K2 . . . {Sr+lT-\-W^+W^)Ao 

(2) AoIEH.Ol 

■ ■ ■ {Wtc\-W^+Fw){AdJrSu-\-Dv-{-Sr)Ao 

(3) Xl.^o.02 

. . . {Sr+lr-{-Aw-\-Lw)Ao{Su+Mu-\-Tc-\-Sr) 

(4) K\i^:imm.Ro 

. . . Lw.Ro(Ad+At+Ex+Dv) 
(5) Kl.'M.Ki.m.Sl.TU 

. . . Aw.Sl.PM(Ad+At+Ex+Dv) 
Therefore: 

fli=^o[X2-t-n.01+A:i.02] 

__ +T2{KlM\.RoM+Sl.'P2i.K3]} 

(1) 1o.K2 . . . (Sp+Ir+WA+Ws)!^ 

(2) Zo.ZT.01 

. . . (WA+WB+Fw)iAd+Su+Dv+Sr)1o 

(3) 3o.Xl.02 

. . . (Sp+Ir+Aw+Lw)lM(Su+Mu+Tc+Sr) 

(4) n.Z2.T5T . . . Fw(At+Mu+Tc+Exy 

(5) Xl.Z2.U3.mSS . . . LwlEx+Dv+Ad+At)'E5_ 

(6) Kl.1i2.K3.mM . . . Aw(Ex+Dv+Ad+A0^1 

(7) Xl.Z2.X3.?J2.f24 
. . . Aw(.Ex+Dv+Ad+AOP24 

Therefore: 



S3^TC2{Kl.'K302.Ro(Kc+S4) 

_ +m.S4]+'nm.P0}+S4.Fs 

*^' -^ ^^ ^^^ ^^ a;=2o[X2-t-xT.O14-X1.02] 

(1) Xl.Z2.X3.D5(S?.7r?J-F-So) 40 +2^{Xl.TS[mZ3-FX3(H+P24)]-t-M.(3T} 

(P) D-register flip-flop (Di) : 
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{Aw){Ad^At-{-Ex-\-Dv){MJS:2-ir'M 

(2) K\.'K2.Ki.'UiM 

. . . {Aw){At+Mii+Tc+ExWl 

(3) M.Fs 

Therefore: 

s^= X 1 .Z2.X3 {Si( 02.2CC-I- (Tl) -f I72.So} -fSi.Fs 

(M) Track selector flip-flop (S4): 

Si 50 

(1) Xl.Z2.X3.t55.i?o 

. . . (Aw) (Ad+Su+At+Mu)Ro 

(2) X1.Z2.X3.D2./JO 

. . . {Aw){Ad+At+Ex-\-pjo)Ro 

(3) 55.F.I . . . S5[{Wi,+WB){Pn-P\4) "O 

H-CWa+W'bXPIS-PS)] 
Therefore: 

Si=K\:K2.Ki.P0(m+W.) +55.FJ 



s. 



eo 



(1) Xl.Z5.^.X3.Bo 

. . . {Aw-\-Lw)(Ad+At+Ex+I)v)P14:Eo 

(2) Xl.Z2.lD2.P24.So 

. . . {Aw+Lw){Ad-\-At+Ex-\-Dv)P14.R6 

(3) Z1.Z2.M.P0 . . . {FW){Ad+Su-irAt+Uu)PQ 65 

(4) M.Fs 

Therefore: 

s;=Z2[fio.Xl (U3.X3 -|-t;2.P24-i-ZT.Z5I.P0) ] +M.Fs 

(N) Track selector flip-flop (S5): 
s& 

(1) X1.Z1.X3(P13-P9) . . . (A>f)(P13-P9) 

(2) Io.Fs . . . [(IfA+WB)(F18-P14) 

+ {.Wi,+Lw-){.Pn-P9n 78 
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(1) Zl.Z5.Xc.03.Moy 
. . . Fw{Ad-{-Su+At+Mu)Kc.Moy 

(2) Zl.Z2.U5.^.Moj' . . . Fw(Ad+At)Moy 

(3) ZT.Z2.?7l.03.Ao.Moy . . . FTv(rc-|-£A;)Ao.Mo3' 

(4) X1.21.t53.Zo.Z>o.PO 

. . . 'Kc.Do:Po{Lw-\-Aw){Ad-\-Su+At+Mu) 

(5) X1.3r2.X3.T5^.52 . . . Aw{Ad-irAt-itEx+Dv)S2 

(6) Xl.Z2.ZS.U2.i?o . . . Lw{Ad+At+Ex+Dv)Ro 

(7) Xl.Z2.X3.Ao.02.03.53 . . . Aw{Tc+Sr)AoSZ 

Therefore: 

rfi=Z2{Zl.Mt>>' [Uz02+Kc) +Aom.03 ] 
-)-Xl (M[52.X3+/io.Z3] 

4-Do.Zc.^.PO-f Ao.X3.02.03.53) } 

di 

(1) X2 . . . (»'^-|-ff'B-i.5r+/r) 

(2) ZT.ir^ . . . (»'a-)-^b-{-Fm') 

'Moy{Ad+Su+At+Mu-\-Tc+Ex-irDv-\'Sr) 

(3) Zo.03.XI 

. . . iW^+WB+Fw)i:3{Tc+Ex+Dv-irSr) 

(4) Uo.PO.DS.Xl 

. . . {Lw-{-Aw+Ir-\-Sp)TJoM(Ad+Su+At-\-Mu) 

(5) Xc.(JS.Xl 

. . . {Sp+Ir-\-Aw-\-Lw)Kc{Ad+Sit+At+Mu) 

(6) S2.X1.X3.?S 

. . . iAw-\-Sp)M{Ex+Dv+^d-irAt) 

(7) Xl.Z5.U5(P0-fP24-|-:Ko) 

. . . (/r-fI,w)(Ex-t-Dv-(-Arf-fAO(P0-i-P24.3Jo) 

(8) Zo.02.03 . . . Zo(rc-|-5r) 
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Therefore: 

7i=K2+Kl(Moy+Ao.OJ)+Kl^lDo.P0 

+Xc] +^[iC3.S2+M(P0+P24.A>o) ]}3:^.02.03 

(Q) Carry flip-flop (Ca) : 5 

(1) ^.Ai.Di.T2i . . . Xc.Ai.Di.P24: 

(2) Z2.ET.01. 02.03. P24.P0.Moy 

. . . iFw)(Dv)Moy.P24.P0 

(3) Kl.Kc.1i.Di.PM 1" 

. . . {Sp+lr+Aw+Lw)Kc.1t.Di.'P24. 

(4) Tn..Kc.'St.Di.'P2i 

. . . (At+Mu+Tc+Ex)Kc.Jt.Di.P2'i 

(5) m.'S2.Kc.01.Ai.Tri.P2i: ig 

. . . {Fw)(Ad+Sii+Dv+Sr)Kc.Ai.Di.P2-i: 



(V) Register (D) : 



60 



Therefore: 



PM{Kl.'K2.OHm.O3.Moy.P0+Kc.Ai.irt) 
+Kc.Ti.Di(Kl+7n) +'Kc.Ai.Di} 



20 



(1) 'Ko.H.TM 

(2) Kl.Kc.Ai.Di 

. . . (Sr+Ir+Aw+Lw)Kc.Ai.'m 

(3) Vi.KcAi.Di ^^ 

. . . {At+Mu+ Tc+Ex)Kc.Ai.'m 

(4) XI.'K2.Kc.Ol.'M.Di 

. . . Fw(,Ad+Su+Dv+Sr)Kc.1t.Di 

(5) P24 - '' 

Therefore: 

'F^=P24+'Ki.K2.0l.Kc^.Di+Kc.Ai.Di.(Kl+01) 

-f!Sc.3?.2H 35 

(R) Time standard flip-flop (T.s) : 
/g=<('5 (no clock) 

7,=Cn.P24.W3.W2.Wl 

(S) Output comparator flip-flop (C c): 40 

Ce==Wl.W2.W3 {Mox.Wn+Mox.Mn) 



(1) W2.-Wl.W3.P24 

(2) W2.Wi.Cn.P24 

Therefore: 

7^='W2.W\.[W3+Cn-iP24 

(T) Output carry flip-flop (Cn) (Mox—Mn) : 

Cn 

(1) W3.W2.Sl.'Mox.Mn.PO 

(2) W3.W2.Wl.PO(.Mox.Mn+Moa!.Mn) 

(3) W3.W2.Wl.Ts.P0.R2 

(1) W3.WI.P24 

(2) Wl.W2.W3.ITox 

(3) Wl.W2.W3.Mo x.Mn .P0 

(4) Wl.W2.W3.PO(Mox.Mn+Mox.'Mn) 

(5) W3.W2.Wl.PO 

(U) Accumulator register (A) : 

(1) {Ai.'Ua+'M.Ca)Di.G . . . FalTi.G 

(2) (/li.Ca+31.Ca)D/.G . . . Ta-Di.G 

Therefore: 

fl„=G(Fa.IH-fFfl.Di) 

(1) ^ 

(2) {Ai.Ca-{-Ti.Ca)Di . . . Fa.Di 

(3) (Ai.Ca+ll.Ca)'ni . . . FaM 

Therefore: 

■^={(?+Ffl.D(-fri.2H} 
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(1) K\.S2.03:S2 

. . . (/lw+ivi')(rc+E;c-fI>vH-5r)52 

(2) K1.S2.P0.'K2_. . . (^Aw+Lw)S2.P0 

(3) Kl.O3.Do.P0.1i2 __ 

. . . (,Aw+Lw)(,Ad+Su+At+Mu)Do.PO 

(4) Zl.Moy . . . (.WA+W:B+Fw)Moy 

(5) F/./o 
Therefore; 

do=Kl.Kl [52(03 +P0) -fO3.Do.P0] +Xl.Moy+Ef.Io 

(1) Ji:i.C'3.«2.S^ __ 

. . . (Aw+Lw)(Tc+Ex+Dv+Sr)S2 

(2) A:1.«2.P0.S2 . . . (-4M'-fZ,M')S2.P0 

(3) Kl.OS.TTo.'P0.1C2 

. . . {Aw+Lw)(Ad+Su+At+Mu)17d.P0 

(4) 'Kl.Moy . . . (.WA+WB+Fw)lloii 

(5) Ef.lo 

Therefore: 
do==K2.KnmO3+P0)+O3.D3.P0]+Kl.MvJ+Efl3 

(W) Register (R) : 

ro- 

(1) Kl.S2.53.752l . . . (^M'H-iH')53.P24 

(2) Kl.03(,S3+S4.Ro)X2 

. . . {Aw+Lw)(.Tc+Ex+Dv+Sr)(,S3+M.Ro) 

(3) ZI.K3.U3 . . . (JFb 

+Fw)K3Ud+Sii+At+Mu) 

Therefore: 
r„=:^.X 1 {53.P24+ 03(.S3+84:.Ro)} -fZl.CTS./f 3 

(1) Kl.'US.P24.K2 

. . . iAw+Lw)(Ad+Su+At+Mu)P24 

(2) X1.U3.S3.S2 __ 

. . . (Aw+Lw)(Ad+Su+At+Mu)S3 

(3) m.03(.S4+Ro)'K2 ... __ 

(Fw+Aw+Lw)(.Tc+Ex+Dv+Sr)S3(S4+Ro) 

(4) 2ri.Z2.Z5 . . . (FM')it'3 
Therefore: 

T„^[K1.03(P24+'S3)+Ki.K3+03.S3(S4+R^)-iK2 

(X) Register (I): 

'o 

(1) Xl.S3.Moy . . . Ur+L w)Moy 

(2) L(Tn.+K3)Io.R3 . . . Ur+Lw)lo 

(3) T.E 

(4) R3 

Therefore: 

io=Xl.S5.Moy-f{Z.(Sl-fX3)/o+r.iE:}W-Fi?3 

(1) Xl.X3.lIo? . . ^(.Ir+L w)Woy 

(2) Z,(ST-|-X3.i23)/o . . . (.7f+Lw)L.Td.M 

(3) Z.-E. 
Therefore: 

7^= {I.E. -fX 1 .X3 .Moy-f i ( XI -f X3 ."rI ) /o}F/ 

(Y) Memory write amplifier (Mov) : 

(1) r2.02.03.^o.S4.51 __ 

. . . (Fw+Lw+AwHSr+Tc)Ao.S4.Sl 

(2) Wl.Kr2.W3.Mov 



Therefore: 

mo^=T2.02.03.Ao.'m.Sl +Wl.W2.W3.Mn 
7S "in^ 
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(1) 'FS.01.02.1Z.M.SI 

. . . (Fw+Lw+Aw)(Sr+Tc)'So.S4.Sl 

(2) Wl.W2.WS.'Mn 

Therefore: 

m„=K2.02.03.AoM.Sl + tVl.W2.W3.Mn 
(Z) Memory write amplifier (Moz) : 
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(1) -n:2.02.03.AoM.S3 

. . . (Fw+Lw+Aw)(Sr+Tc)AoM.S3 

(2) Mn.Wl.W2.W3 

(3) Mn.wi.w2.'m.-m.'m.-w^ 

Therefore: 

mo^='^.02.O3.AoM.S3+Mn.Wl.W2.W3 

+Mn.Wl.W2.W3.W4.'W.'WQ 

'"oz 

(1) K2.02:O3.T6M.S3 
(2) mi.Wl.n'2.W3 

Therefore: 

m~=^.02.03.J3o.54.53+Mn.TFl.RK2.»'3 

(Aa) Memory write amplifier (Moa:) : 

(1) lS.^o.S3.52.02.03 . . . (Fw+Aw+Lw) 

(Sr+Tc)AoM.S2 

(2) '^.W2.S3(CnMoS+m.Mox)-Ef 

(3) £/.ff 
Therefore: 

Wox=X5.^o.S4.52.02.03 +E/.^ 

+ { W2.'Wl. W3 ( CnHox+Vn-Mox) Wf 

(1) ^5.30.54.52.02.03 . . . {Fw+LwJrAw) 

{Sr+Tc)To:slS2 

(2) Wl.W2.W3{Cn.Mox+'Un.Mox)'Et 

(3) E/.Md 
Therefore: 

mox=K2.02.03.1o.M.5'2 

+WT.ff'2.53.E7(Cn.Mox+I?ft.]!7^) +Mrf.E/ 
( A6 ) Input-output scan flip-flop ( M n ) : 

nJn=B15*.P16+B14*.P15+ . . . SO* .PI 

mn=P0+B14.Pl5+ . . . B0.P1 
(Ac) Modified store states: 

54.53 .S2.S1"! 

54.53.52.ST}-Left shift during (Aw) 

54.53.^.5lJ 50 

54.53.S1.S2— Left shift one bit during (Aw) then 
stop (Sp) 

54.S3.;^.S5— Stop (Sr) 

54.S5.51.S51 

54.SH.ST.52 [Set and re-set relays 

S4.S3.51.52J 
{Ad) Normal store (Sr) : 

S4.51— Store on (Mov) 

S4.52— Store on (Mojc) 

S1.53— Store on (Moz) 

We claim: 

1. A memory system for use lii a digital computer, and 
the like, including: memory means including at least one 
information channel having a plurality of sectors therein 
with each sector including a number of digit positions, 
and said memory means further including a sector-identi- 
fying channel having a plurality of multi-digit words re- 
corded therein for identifying the sectors in Said informa- 
tion channel and with all of said words including a like 70 
binary digit at only one digit position in each word, a 
counter network actuable to a pluralty of different con- 
figurations for identifying the digit positions in each sec- 
tor of said information channel, gate means included in 
said counter network for preventing the counter network 75 
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from reacting to a particular configuration until the re- 
ceipt of a particular binary signal corresponding to the 
like binary digits of said multi-digit words, means coupled 
to the memory means for sensing the words recorded in 
said sector-identifying channel and for producing binary 
signals in response thereto, and means coupled to the 
sensing means for introducing said binary signals to said 
gate means to cause the counter network to be synchro- 
nized with the memory means. 

2. A memory system for use in a digital computer, and 
the like, including: a rotatable magnetic memory drum 
including at least one information channel extending 
around the periphery thereof and having a plurality of 
sectors therein with each sector including a like number 

15 of digit positions, said memory drum further including a 
sector-identifying channel extending around the periphery 
thereof spaced axially from the information channel and 
having a plurality of multi-digit words recorded therein 
for identifying the sectors in said information channel and 

20 with all said words including a like binary digit at only 
one digit position in each word, a counter network actu- 
able to a pluralty of different configurations for identify- 
ing the digit positions in each sector of the information 
channel, gate means included in said counter network for 

25 preventing the counter from reaching a particular config- 
uration until the receipt of a binary signal corresponding 
to the like binary digits of said multi-digit words, timing 
means coupled to the memory drum for introducing clock 
pulses to the counter to actuate the same from one con- 

30 figuration to another, means coupled to the memory drum 
for sensing the multi-digit words recorded in said sector- 
identifying channel and for producing binary signals in 
response thereto, and means coupled to the sensing means 
for introducing the binary signals therefrom to said gate 

35 means to cause the counter network to be synchronized 
with the memory means. 

3. The combination defined in claim 2 in which said 
memory drum includes a clock channel having clock sig- 
nals recorded therein, said clock channel extending 
around the periphery of the drum spaced axially from 
the information channel and from the sector-identifying 
channel, and in which said timing means includes trans- 
ducer means coupled to the drum for sensing the clock 
signals recorded in said clock channel. 

4. A memory system for use in a digital computer, and 
the like, including: memory means including at least one 
information channel having a plurality of multi-digit sec- 
tors therein, and said memory means further including a 
sector-identifying channel having a plurality of multi- 
digit words recorded therein for identifying the sectors in 
said information channel and with one of the words cor- 
responding to a particular one of said sectors including a 
group of digits peculiar to that word only, a word counter 
network actuable to a plurality of different configurations 
corresponding to the number of sectors in said informa- 
tion channel, gate means included in the counter network 
for setting the counter to a particular configuration in 
response to a group of binary signals corresponding to 
said group of digits, means coupled to the memory means 
for sensing the words recorded in said sector-identifying 
channel and for producing binary signals in response 
thereto, and means coupled to the sensing means for in- 
troducing said binary signals to said gate means to cause 
the counter network to be synchronized with the memory 
means. 

5. The combination defined in claim 4 and which in- 
cludes a bit counter network for identifying the digit posi- 
tions in each sector of said information channel, means 
coupled to said memory means for synchronizing said bit 
counter with said memory means, and means coupled to 
said bit counter and to said gate means for permitting 
said word counter network to be set to said particular 
configuration by said group of binary signals only when 
the bit counter is synchronized with said memory means. 

6. A memory system for use in a digital computer. 
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and the like, including: a rotatable magnetic memory 
drum including at least one information channel extend- 
ing around the periphery thereof and having a plurality 
of muiti-digit sectors therein, and said memory drum 
furJher including a sector-identifying channel extending 5 
around the periphery of the drum spaced axially from 
said information channel and having a plurality of muiti- 
digit words recorded therein for identifying the sectors in 
said information channel and with one of the words cor- 
responding to a particular one of the sectors of said in- jq 
formation channels including a group of digits peculiar 
to that word only, a word counter network actuabie to 
a plurality of different configurations corresponding to the 
number of sectors of said information channel, gate means 
included in the counter network for setting the counter to 15 
a particular configuration in response to a group of binary 
signals corresponding to said group of digits, timing means 
coupled to the memory drum for introducing clock pulses 
to the counter to actuate the same from one configuration 
to another, means coupled to the memory drum for sensing 20 
the muiti-digit words recorded in said sector-identifying 
channel and for producing binary signals in response 
thereto, and means coupled to the sensing means for intro- 
ducing said binary signals to said gate means to cause the 
counter network to be synchronized with the drum. 25 

7. The combination defined in claim 6 in which said 
memory drum includes a clock channel having clock sig- 
nals recorded thereon, said clock channel extending around 
the periphery of the drum spaced axially from said in- 
formation channel and from said sector-identifying chan- 30 
nel, and in which said timing means includes transducer 
means coupled to the drum for sensing the clock signals 
recorded in said clock channel. 

8. A memory system for use in a digital computer, 
and the like, including: memory means including at least 35 
one information channel having a plurality of multi-digit 
sectors therein with each sector including a number of 
digit positions, and said memory means further including 

a sector-identifying channel having information recorded 
therein for identifying the sectors in said information 40 
channel and for further identifying the digit position in 
each sector, a first counter network actuable to a plurality 
of different configurations for identifying the digit posi- 
tions in each sector of said information channel, a second 
counter network actuable to a plurality of different con- ^g 
figurations for identfying the different sectors of said in- 
formation channel, means coupled to the memory means 
for sensing the information recorded in said sector- 
identifying channel and for producing control signals in 
response thereto, and means coupled to said sensing means go 
and to said first and second counter networks for intro- 
ducing the control signals to the counter networks to cause 
the same to be synchronized with the memory means. 

9. In combination: memory means on which signals 
representative of time-standard words may be recorded, 55 
means coupled to the memory means for writing signals 
representative of the time-standard words in said memory 
means, means coupled to the memory means for reading 
the signals representative of the time-standard v/ords from 
the memory means a predetermined interval after the go 
writing of the signals representative of corresponding ones 

of said words by the writing means, logical circulating 
circuitry intcrcoupling the reading means to the writing 
means for causing the signals representative of each time- 
standard word read by the reading means to be circulated 65 
and re-recorded in the memory means by said writing 
means, and a timing source coupled to the logical circulat- 
ing circuitry for causing the signals representing the cir- 
culated time-standard word to be changed by a predeter- 
mined increment in synchronism with the timing source. 70 

10. In combination: memory means on which signals 
representative of multi-digit time-standard words may be 
recorded, means coupled to the memory means for writ- 
ing signals representative of the multi-digit time-standard 
words on said memory means, means coupled to the 75 



memory means for reading the signals representative of 
the time-standard vt-ords from the memory means a pre- 
determined interval after the writing of the signals repre- 
sentative of corresponding ones of said words by the 
writing means, logical circulating circuitry inter-coupling 
the reading means to the writing means for causing the 
signals representative of each time-standard multi-digital 
word read by the reading means to be circulating and re- 
recorded in the memory means by said writing means, 
and a pulse-generating source coupled to the logical cir- 
culating circuitry for causing the signals representing the 
circulated multi-digit time-standard word to be increased 
by a predetermined increment for each pulse generated by 
the source. 

1 1. In combination: a rotatable magnetic memory drum 
on which signals representative of a multi-digit time- 
standard word may be recorded in each of a plurality of 
equi-spaced sectors of the drum, means magnetically 
coupled to the memory drum for writing signals repre- 
sentative of the multi-digit time-standard words in said 
sectors of the magnetic memory drum, means magnetical- 
ly coupled to the memory drum for reading the signals 
representatives of the multi-digit time-standard words 
from said sectors of the memory drum a predetermined 
interval after the writing of signals representative of cor- 
responding ones of said words by said writing means, 
logical circulating circuitry intcrcoupling the reading 
means to the writing means for causing the signals repre- 
sentative of each time-standard multi-digit word read by 
the reading means to be circulated and re-recorded by said 
writing means, and a pulse-generating source coupled to 
the logical circulating circuitry for generating pulses so 
as to cause the signals circulated by said circuitry and 
representing the multi-digit time-standard words to be 
increased by a unity digit for each pulse generated by 
the source. 

12. The combination defined in claim 11 and in which 
the pulses from said pulse-generating source have a prede- 
termined precisely controlled repetition frequency, and 
which includes means for rotatably driving the magnetic 
memory drum at a predetermined rotational speed so 
that the rate at which the signals- recorded in successive 
sectors on said drum are read by said reading means is 
greater than said predetermined repetition frequency of 
the pulses. 

13. In a computer, and the like, the combination of: 
a rotatable magnetic memory drum including at least one 
channel having a plurality of equi-spaced sectors therein 
in which signals representative of multi-digital time-stand- 
ard words may be recorded, means magnetically coupled 
to the memory means for writing signals representative 
of the multi-digit time-standard words in respective ones 
of the equi-spaced sectors, means magnetically coupled 
to the memory means for reading the signals representa- 
tive of them ulti-digit time-standard words from respective 
ones of the spaced sectors a predetermined interval after 
the writing of signals representative of corresponding ones 
of said words by the writing means, logical circulating 
circuitry inter-coupling the reading means to the writing 
means for causing signals representative of a time-stand- 
ard word recorded in a particular one of said sectors of 
the memory drum to be circulated and re-recorded in an- 
other one of the sectors thereof, and a precision frequency 
pulse-generating source included in the logical circulat- 
ing circuitry for causing a predetermined increment to 
be added to the circulated time-standard word for each 
pulse generated by the source. 

14. In a computer, and the like, the combination of: 
a rotatable magnetic memory drum including at least one 
channel having a plurality of equi-spaced sectors therein 
in which signals representative of multi-digit time-stand- 
ard words may be recorded, means magnetically coupled 
to the memory means for writing signals representative 
of the multi-digit time-standard words in respective ones 
of the equi-spaced sectors, means magnetically coupled 
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to the memory means for reading the signals representa- 
tive of the multi-digit time-standard words from respec- 
tive ones of the spaced sectors a predetermined interval 
after the writing of signals representative of correspond- 
ing ones of said words by the writing means, logical cir- 5 
culating circuitry inter-coupling the reading means to the 
writing means for causing signals representative of a time- 
standard word recorded in a particular one of the sectors 
of said memory drum to be circulated through the cir- 
cuitry and re-recorded in another one of the sectors jq 
thereof, and a pulse-generating source coupled to the 
logical circulating circuitry for generating precisely timed 
pulses of a predetermined repetition frequency to cause 



the signals circulated by said circuitry and representing 
the multi-digit time standard words to be increased by a 
unity digit for each pulse generated by the source, and 
means for rotatably driving the magnetic memory drum 
at a predetermined rotational speed such that the rate at 
which the signals recorded in successive sectors of said 
drum are read by said reading means is greater than said 
predetermined repetition frequency of said pulses. 
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